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ADVISORY COMMIT]lYE

ON THE FUTURE OF THE U.S. SPACE PROGRAM

Washington, D. C.

December 17, 1990

TO: The Administrator of NASA

Enclosed, in accordance with the schedule established 120 days ago, is the

final report of the Committee on the Future of the U. S. Space Program. The

Committee members look forward to reporting our findings with you to the Vice
President.

The Committee's twelve members represent a broad diversity of

backgrounds, comprising in the aggregate several hundred years experience in space
activities but also including one member with no specific prior experience in space
matters. The Committee includes individuals with baek4g_unds in industry, academia,

the military, and a former NASA administrator;, its perspectives include that of
scientists, former astronauts, managers, engineers, private citizens, and former
members of Congress. The Committee is unanimous in its findings.

The members are grateful to the more than 300 individuals who appeared
before the Committee or its working groups as well as to the several hundred persons

who wrote provocative, thoughtful letters -- often filling many pages. The Committee

also had the opportunity to read or be briefed on over a dozen earlier studies of

specific aspects of the civil space program.

The Committee's hearings were held in public session and were carried over

satellite television for those interested. The Committee chose to perform its own

inquiry and hence had no research staff but was ably supported by a small but
excellent administrative staff. The cooperation and openness of the NASA employees

with whom we met was superb, including those involved with our visits to all the

NASA centers and headquarters.

We conclude that the civil space program is neither as troubled as some

would suggest nor nearly as strong as will be needed, given the magnitude of the

challenges the program must undertake in the future.
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Execrative Smnmary

The United States' civil space program was

rather hurriedly formulatcd some three dccadcs ago
on the heels of the successful launch of the Soviet

Sputnik. A dozen humans have been placed on the
Moon and safely returned to Earth, seven of the

other eight planets have been viewed at close range,

including the soft landing of two robot spacecraft on
Mars, and a variety of significant astronomical and
other scientific observations have been accom-

plished. Closer to Earth, a network of communica-
tions satellites has been established, weather and

ocean conditions are now monitored and reported as
the), occur, and the Earth's surface is observed from

space to study natural resources and detect sources

of pollution.

Problems altd Perspectives. In spite of these virtually

unparalleled achievements, the civil space program
and its principal agent, the National Aeronautics and

Space Administration, are today the subject of
considerable criticism. The source of this criticism

ranges from concern over technical capability to tile

complexity of major space projects; fi'om the ability

to cstimatc and control costs to the growth of

bureaucracy; and from a perceived lack of an overall
space plan to an alleged institutional resistance to

new ideas and change. The failure of the Chal

longer, the recent hydrogen leaks on several Space
Shuttle orbiters, the spherical aberration problem

encountered with the Hubblc Space Telescope, and

various launch processing errors such as a work

platlbrm lcff in an engine compartment and discov-

ered during launch preparations, have all heightened
tiffs dissatisfaction.

Some of the concern is, in the view of tile

Committee, descrvcd and occasionally even self-

inflicted. For example, the practice of separately

reporting the cost of space missions according to

accounting categories (which [br bookkeeping
purposes allocates launch services to a distinct

account) results in confusion as to what is the actual
cost of a mission.

Yet, m spite of recognized current problems,

care must also be taken not to impose potentially
disruptive remedies on today's NASA to correct

problcms that cxistcd in an earlier NASA. The

much publicized spherical aberration problem of the

Hubblc Space Tclescopc encountered this past ),car

is in thct a consequence of an assembly error left

undiscovered in tests conductcd a decade ago - in

1980. The decision to launch thc Challenger in
cold wcather, when the seals bctwccn rocket motor

segments wot,ld be most suspect, took place five

years ago and has spurred NASA to many manage-

mcnt changes. Since the Challenger accident, NASA

has increased the emphasis on safety, and has borne
the burden ofdclaying launches when reasonablc

questions arose over the readiness to launch safely.

On the other hand, processing incidents during
launch preparation continue to occur in NASA

operations, and to be the cause of justifiable coi1-
cern.

Because of the intense interest in -- and

scrutiny of-- America's commendably open and

visible civil space program, it is sometimes easy to

overlook the Fact that technical problems such as

hydrogen leaks, faulty seals and erroneous assembly

procedures are not unique to today's space activities,

or even to NASA. Although problems of any sort
are most emphatically not to be condoned, when

comparing today's space program with the successes

of the past, it must also be recalled that America's

first attempt to launch an Earth satellite using the

Vanguard rocket ended in failure. By the end of

1959, 37 satellite launches had been attempted: less
than one-third attained orbit. Ten of the first eleven

launches of unmanned probes to the Moon to

obtain precursor data in support of the Apollo
mission failed. Three astronauts were lost in afirc

aboard the Apollo capsule during ground testing. A
cD'ogenic storage tank exploded during the mission

of Apollo 13 cn route to the Moon, seriously

damaging the spacecraft. 1)uring the fi:w months
surrounding the Challenger accident, a Delta, an

Atlas Centaur, two Titan 34-D's, a French Ariane 2
and a Soviet Proton were all lost.

Space missions, whether manned or unmanned,

are fundamentally difficult and demanding undertak-

ings that depend upon some of tile world's most

advanced technology. The Saturn V rocket required

the integration of some six million components

manufactured by thousands of separate contractors.
Voyager 2 arrived at Neptune a mere one second

behind its final updated schedule after a 12-year, 4.4

billion mile flight, approaching within 3,000 miles of

the planet's surface. The intbrmation to be gathered

by the Earth Observing System could approach 10

trillion bits of inlbrmation -- about one I,ibrary of

Congress -- per day. The matter of human frailty is

perhaps of even greater import: in the case of the

Apollo program, some 400,000 people at some

20,000 locations were involved in its design, test and
operation.
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Concerns. Nonetheless, given the cost of space

activities, in both financial and human terms, and

their profound impact on America's prestige

throughout the world, no goal short of perfection is

acceptable. The Committee finds that there are a
number of concerns about the civil space program

and NASA which arc deserving of attention.
The first of these is the lack of a national

consensus as to what should be the goals of the civil

space program and how they should in fact be

accomplished. It seems that most Americans do

support a viable space program for the nation -- but
no two individuals seem able to agree upon what

that space program should be. Further, those
immediately invoh, ed in the program often seem

least inclined to compromise for the common good.

Some point out that most space missions can be

perfi)rmed with robots for a fraction of the cost of

humans, and that, theretbre, the manned space

program should be curtailed. Others point out that
the inw_lvement of humans is the very essence of

exploration, and that only humans can fully adapt to

the unexpected. Some point to the need tbr acceler-
ated commercialization of space while others argue
the benefits of fundamental science -- only to be

challenged in turn to prove the tangible value

of studies in astronomy.
Second, and closely related to this contentious

yet fundamental matter, our Committee believes
that NASA is currently over committed in terms of

program obligations relative to resources available --
in short, it is trying to do too much, and allowing

too little margin for the unexpected. As a result,

there is the frequent need to revamp major pro-

grams, which in turn sometimes results in _brcing

smaller (scientific) pursuits to pay the bill for

problems encountered in larger (frequently manned
missions. Of major importance, in our view, is the

fact that margins needed to provide confidence in

maintaining cost, schedule, pertbrmance, and

especially reliability, too often are minimal or absent
Third, continuing changes in project budgets,

sometimes exacerbated by actions needed to extri-

cate projects from technical difficulties, result in

management inefficiencies. These demoralize and

frustrate the imlividuals pursuing those projects --

as well as those who must pay the bills.
Fourth, there is the matter of institutional aging

and the concern that NASA has not been sufficiently

responsive to valid criticism and to the need tor

change.

Fifth, the personnel policies embodied in the

civil service system are, in the opinion of the Com-

mittee, hopelessly incompatible with the long term

maintenance of a leading-edge, aggressive, confi-

dent, and able work force of technical specialists and

technically trained managers that will be needed by

NASA in the years ahead.

Sixth, it is a natural tendency fbr projects to

grow in scope, complexity., and cost. Deliberate

steps must be taken to guard against this phenom-

enon if programs arc not to collapse under their

own weight -- often, as already noted, taking a toll

on the smaller projects that must share in the

budget.
Seventh, the material foundation of any major

space project is its "technological base." It is this

base that produces the key building blocks, or

"enablers," that make major missions possible --
new materials, electronics, engines and the like. The

technology base of NASA has now been starved tbr
well over a decade and must be rebuilt ifa sound

underpinning is to be regained for future space
missions.

Eighth, space projects tend to be very

untbrgiving of any form of neglect or human failing

particqlarly with respect to engineering discipline.

Spacec,aft incorporating flaws are not readily
"recalled" to the factor), for modification. It is this

category of problem that has evoked much of the
criticism directed at NASA in recent years, although

with new technolo_" there are growing opportuni-
ties ibr systems that arc "self healing."

Finally, ninth, the civil space program is overly

dependent upon the Space Shuttle tbr access to

space. 'lhc Space Shuttle offers significant capabili-
ties to carry out missions where humans are

uniquely required -- as has been the case on a
number of occasions. The Shuttle is also a complex

system that has yet to demonstrate an abiliu, to
adhere to a fixed schcdulc. And although it is a

subject that meets with reluctance to open discus-
sion, and has therefore too often been relegated to

silence, the statistical evidence indicates that wc arc

likely to lose another Space Shuttle in the next

several years ... probably betbre the planned Space

Statism is completely established on orbit. This

would seem to be the weak link of the civil space

program unpleasant to recognize, involving all
the uncertainties of statistics, and difficult to resolve.

The Space Shuttle differs in important ways
from tmmanncd vehicles. On the positive side it

provides fl_c flexibility and capability attendant to

human presence and it permits the recovery of costly
launch vehicle hardware which would otherwise be

expended. ()n the negative side, it tends to bc



complex,withrelativelylimitedmargins;it hasnot
realizedthepromisedcostsavings;andshouldit fail
catastrophically,it takeswithit asubstantialportion
of thenation'sfuturemannedlaunchcapabilityand,
potentially,severalhumanlives.

TheCommi;teerecognizestheimportantrole
oftheSpaceShuttleformissionswherethereisthe
needforhumaninvolvement,andnotesthatthe
SpaceShuttleisabsolutelyessentialto America'scivil
spaceprogramfortilenextdecadeormore.Neces-
sarystepstoassuretheviability of Space Shuttle

operations in this decade should therefore proceed.

Nonetheless, the Committee believes, in hindsight,

that it was, for example, inappropriate in the case of
Challenger to risk the lives of seven astronauts and

nearly one-fimrth of NASA's launch assets to place
in orbit a communications satellite.

,':._'l_'wqv_:u,rpm_si'biliHcs Against the backdrop of
these and other concerns, the Committee was asked

to consider whether some altogether new form of

management structure should be established to

pursue portions of the nation's civil space program,

as has been recommended by various observers.

Such a model might include an altogether separate

agency patterned after, say, the Strategic Def_cnse

Initiative Organization of the Department of

Defiznse, which would be established to pursue

major new initiatives such as the Mars exploration

program. Another possibility occasionally proposed
is to separate the Space Shuttle's operation from

NASA so as to permit the space agency to fbcus

upon the pursuit of advanced tcchnology and new

leading-edge missions.
The conclusion of the Committee is that

changes of such sweeping scope are inappropriate.

First, in spite of imperfections, by f)r the greatest

body of space expertise in any single organization in
the world resides within NASA. Further, in the case

of Space Shuttle operations, the maturity of the

system is neither compatible with a (potentially
disruptive) shift to a new operator nor, in the

opinion of the Committee, is it ever likely to bc --

even though in principle we favor private sector
operations over government operations whenever

practicable. NASA and its prcdccessor, NACA, have

fi_llowed this practice with regard to the aeronautics

program -- producing unmatched technology that

hclped make America's commercial aircraft industry
preeminent in the world. A similar effort is needed

with respect to space activities -- but the Space

Shuttle is not, in our opinion, the correct mecha-

nism fi_r accomplishing this objective.

Briefly stated, the Committee believes that

NASA, and only NASA, realistically possesses the

essential critical mass of knowledge and expertise

upon which thexnatnon s civil space program can be
sustained -- and that the task at hand is therefore for

NASA to focus on making the self-improvements
that gird this responsibility.

,4 .%)mccAgcm,_'¢_ The question then arises: "What

should be the U.S. space program?" Although it

may be tempting to lay out an accelerated plan to
accomplish the unaccomplished and to attack the
unknown, to do so in the absence of fiscal and

technical realism would bc a disservice, and would

only magnify the problem of management "turbu-

lence" that already has been so costly to the space
eflbrt -- both in money and morale.

The question thus becomes one of what can and

should thc U.S. afford for its civil space endeavors in

a time of unarguably great demands right here on

Earth, ranging from reducing the deficit to curing

disease and from improving education to eliminating

poverty. The answer to this question is made all the

more difficult because the space program touches so
many aspects of our lives and contributes to the

accomplishment of goals ranging from improving

education to enhancing our standard of living and

from assuring national security to strengthening
communications among the peoples of the world.

The space program produces technology that

enhances competitiveness; the largest rise and

subsequent decline in the nation's output of much

needed science and engineering talent in recent

decades coincided with, and somc say may have been

motivated by, the build-tLp and subsequent phase-
down in the civil space program.

Global understanding has been enhanced

through the establishment of widespread satellite
telecommunications. Countless lives and consider

able property have bccn saved through advanced

weather forecasting and the use of spaceborne search

and rescue systems. Basic scientific knowledge has

been obtained that addresses such important ques-

tions as why one planet evolves to become altogether
uninhabitable, while another nurturcs life.

It can be argued that at least some of these

benefits can bc reaped by other more direct means.

If the objective is to stimulate education, then why

not give the money bcing spent on space to our

schools? If the objective is to study the stars, then

why not build more and bctter telescopcs here on

Earth? To case poverty, give aid to those in need.

Yet perhaps the most important space benefit of all is

intangible -- the uplifting of spirits and human pride

in response to truly great accomplishments --
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whether they be the sight of a single human orbiting

freely around the Earth at 18,000 miles per hour, or

a picture of Uranus' moon Miranda transmitted 1.7

billion miles through space, and taking some 2-1/2
hours merely to arrive at our listening stations even

when traveling literally at the speed of light. Such

accomplishments have served to unite our nation,

hold our attention, and inspire us all, particularly

our youth, as few other events have done in the

history of our nation or even the world.
Our Committee concludes that America does

want an energetic, affordable and successful spacc

program, a predilection to which we as individuals

unabashedly confess. This support has been cvi-
denccd in the gradual growth in space funding for

nearly two decades (Figure 1 ). The question
remains, however, "What should we afford?" In this

regard, a historical perspective is helpful. At its

peak, during the Apollo years, America spent 0.8

percent ()fits gross national product on its civil space
program (Figure 2). This level amounted to about

4.5 percent of federal spending at the time (Figure

3) and, perhaps more importantly, about 6 percent
of the discretionary portion of the federal budget

(Figure 4). Today, we as a nation are spending

about one-third of the Apollo peak spending as a

portion of the GNP -- and the fraction of the

increasingly pressured total discretionary budget has

declined to 2.5 pcrcent.

Presumably reflecting public support, both the

Executive Branch and the Congress have recently
shown a willingness to increase civil space spending

on the order of 10 percent per year (real growth) fbr

a well-executed program. This, therefbre, is the

baseline selected by this Committee to assure at least

a first ordcr fiscal test in our proposals. A larger

budget would obviously permit a more energetic

space program -- while the converse also is true.

We rccommcnd an approach which can accommo-

date, within limits, either comingency. Our specific

assumption is that the civil space budget will grow

by approximately 10 percent per year in real dollars

throughout most of this decade, leveling out at

about 0.4 percent of the GNP. This is a budget that

can enable a strong space program -- but only if

funding is predictable and programs are carefully

managed and consistently executed. As a reference,
civil space spending recently approved for 1991

represented 8.5 percent real growth over the prior

year's spending.

In defining a space agenda we believe it is not

sufficient merely to list a collection of projects to be

undertaken in space, no matter how meritorious

each may be. It is essential to provide a logical basis

for the structure of the program, including a sense

of priorities.
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Figure 3

NASA Budget Trend
(Percent of Federal Spending)
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A Balanced Space P_'ogrnm. It is our belief that the

space science program warrants highest priority for

funding. It, in our judgment, ranks above space

stations, aerospace planes, manned missions to the

planets, and many other major pursuits which often

receive greater visibility. It isthis endeavor in

science that enables basic discovery and understand-

ing, that uncovers the fundamental knowledge of

our own planet to improve the quality of life for all

people on Earth, and that stimulates the education

of thc scientists nceded fbr the future. Science gives

vision, imagination, and direction to the space

program, and as such should bc vigorously protectcd

and permitted to grow, holding at or somewhat

above its present traction of NASA's budget cvcn as

thc overall space budget grows.

Having thus established the scicnce activity as

the fulcrum of'thc cntire civil space ef_brt, we would

then rccommend the "mission-oriented" portion of

the program be designcd to support two major

undertakings: a Mission to Planet Earth and a

Mission from Planet Earth. Both, we believe, are of

considerable importance. The Mission to Planet

Earth, as we would definc it, is the undertaking that

in fact brings space down to Earth -- addressing

critical, everyday problems which affect all the

Earth's peoples. While wc emphasize the need for a

balanced space program, it is the Mission to Planet

Earth which connotes some degree of urgency.

Mission to Planet Earth, as we would define it,

comprises a serics of Earth_obscrving satellites,

probes and related instruments, and a complemen-

tary data handling system aimed at producing a

much clearer understanding of global climate change

and thc impact of human activities on Earth's

biosphere. This cffbrt will providc us with a much

better understanding of our environment, how we

may bc affccting it, and what might be donc to
restore it.

The Mission from Planet Earth is principally, but

not exclusively, focused upon the cxploration of

space. This is where most of the manncd space

undertakings arc to be pursued and as such this

tcnds to be thc most costly aspect of the civil spacc

program.

Today, Amcrica's manned space program is at a

crossroads. Thc Committee believcs that a focus

must bc given to this program now if it is not merely

to drift through the decadc ahead. Although there is

no particular timetable that can in good conscience

be assigncd to this pursuit, it nonetheless sorely

needs agreement as to direction.

At least in part because of its cost, the manned

space program has bccn at the vcry hub of contro-

versy swirling around the nation's civil space activity.

Report of the

Advisom

Committee

on the

Future of the

U,S. Space

Program



I

Report _f thc

/tdpuolw

( 'io m 1tl ittce"

¢1tl the

Fu tu re _/" the

US. ,Space

l'r(_ram

It can be argued that much of what humans can

perform in space could be conducted at less cost and

risk with robotic spacecraft -- and in many instances
we believe it should be.

But are there not activities in space which

properly should be the province of human intelli-

gence, flexibility and being? The Committee tbund

it instructive in this regard to ask whether we would

be content with a space program that involved no

human flight. Our answer is a resounding "no."

There/s a difference between Hillary reaching the

top of Everest and merely using a rocket to loft an

instrument package to the summit. There is a
difference between the now largely forgotten Soviet

robotic Moon explorer that itself returned lunar

samples, and the exploits of astronauts Nell
Armstrong, Buzz Aldrin, and Mike Collins. The

Committee thus wholeheartedly endorses a far-

reaching, but we believe realistic, undertaking in

manned space activity,, carefully paced to the avail-

ability of funds.
But if there is to be a manned space undertak

ing, what should it be? Surely the goal is not merely

to provide routine transportation of cargo to and
from space. In this regard, we share the view of the

President that the long term magnet for the manned

space program is the planet Mars -- the human

exploration of Mars, to be specific. It needs to be

stated straightfi_rwardly that such an undertaking

probably must be justified largely on the basis of

intangibles -- the desire to explore, to learn about
one's surroundings, to challenge the unknown and

to find what is to be tbund. Surely such an endeavor

must be preceded by further unmanned visits, and

by taking certain important steps akmg the way,

including returning fi)r extended periods to tile

Moon in order to refine our hardware and proce

dures and to develop the skills and technologies

required tbr hmg term planctam/living.
The Comnaittee offers what we believe to be a

potentially significant new approach in the planning

of human space exploration. Although we appreci-

ate the arguments tbr setting a "date certain" fi_r

many or even most of our space goals, as did
President Kennedy with respect tO going to the

Moon, we believe that a program with the ultimate,

long term objective of human exploration of Mars

should be tailored to respond to the availability of
fimding, rather than to adhering to a rigid schedule.

This does not demean the importance of the

manned space program, but rather is a consequence

of the fact that wc simply cannot know with any

exactness the cost or obstacles which may impede a

Mars mission. We do know that, whatever the cost

is, it can bc spread over many years, and that it will

have to endure the changing emphasis of a series of

Presidents and Congresses as well as of economic
circumstances. We also believe that this is a

challenge that could be constructively shared among

a number of nations. The challenge, from a man-
agement standpoint, is to tailor a program, the first

step of which is to generate needed technolo D,

building-blocks, which can adapt to the availability

of fimds. The availability of funding would then
determine mission schedule -- because the converse

is neither economically nor politically practical.

Unfurcseen fiscal demands would be borne by tile

program itself rather than off-loaded to other

important but smaller (science) programs.

Using this management approach, the Commit-
tcc beliexes that a sound, long term human explora-

tion program can be pursued. It provides all

important companion to Mission to Planet Earth

and clearly states America's intention to stay in space
with humans.

But fundamental uncertainties remain with

respect to the feasibility of long duration human

space flight, uncertainties that revolve around the
cfli:cts of solar flares, muscle deterioration due to

weightlessness, the loss of calcium in human bone
structure, and the impact of galactic cosmic radia-
tion_ These basic issues need to bc resolved bcfi_rc

undertaking vast projects -- by mcans of long

durati_m operations involving humans in space. We
thus arrive at what we believc is the fiandamental

reason for building a space station: to gain the

much needed life sciences intbrmation and experi-

ence ia hmg duration space operations. Such
intormation is vital if America is not to abdicate its

role in manned space flight.
Wc do not believe that the Space Station

Freedom, as we now know it, can be justified solely

on the basis of the (non-biological) science it can

pcrlbtm, much of which can bc conducted on Earth

or by robotic spacecraft for less cost. Similarly, we
doubt that the Space Station will be essential as a

transportation mode -- certainly not tbr many years.

Howe_cr, the Space Station is deemed essential as a

lib" sciences laboratory, tbr there is simply no Earth

bound substitute. The Space Station is a critical

next step if the U.S. is to have a manned space

program in the future. At the same time, the Space

Station can also provide a capability tbr important

microgravi D, research, and for practical experience in

manutitcturing under low-gravity conditions. While

II()l, ill _)Llr opinion, a sutticient justification of Space

Stati_,n in and of itself; microgravity research does

reprcscm an ahogcthcr valid element of America's

economic compctitivencss program.



Giventheseconclusions,webelievethejustify-
ingobjectivesoftheSpaceStationFreedomshould
bereducedto two: primarilylifesciences,and
secondarilymicrogravityexperimentation.In turn,
webelievetheSpaceStationFreedomcanbe
simplified,reducedincost,andconstructedona
moreevolutionary,modularbasisthatenablesend-
to-endtestingof mostsystemspriorto launch,and
reducesextravehicularflightrequirementsalongthe
linesNASAisnowconsidering.Wealsobelievethat
stepsmustbetakentomitigatedependenceonthe
SpaceShuttle.

Givenallofthis,wewouldencourageNASA
andtheCongressnotto beboundbythe90-day
restructuringperiodforSpaceStationFreedom
recentlydirectedbyCongress.Redesignissimply
tooimportanttotakelessthanwhatevertimemay
beneededfbrathoroughreassessmentandthe
establishmentofaconfigurationthatcanearnstable,
longtermfundingsupport.

HavingthusdefinedaMissionto Planet Earth

(MTPE) and a Mission from Planet Earth (MFPE)

as the keystones we recommend for America's future

civil space program, there remain two vital elements
of space infrastructure to which attention must be

dcvotcd. This infi-astructure underpins the nation's

ability to actually undertake advanced space mis

sions, and is addressed in two parts: first, the

technology base, and second, the Earth-to-space

transportation system. Great space pursuits should

not be undertaken without proper attention being
devoted to these more mundane but critical aspects
of the space endeavor.

First and foremost in this foundation laying

effort is the technology base which absolutely must

bc replenished. America has not initiated develop-
mcnt of a new main rocket engine -- the muscle of

any space pursuit -- in nearly two decades. Work on
advanced space power systems has bccn modcst; on

very high specific impulse propulsion devices evcn

more limited, on advanccd concepts such as

acrobraking only fbrmative. In fact, the ovcrall

technical base underpinning the space program has

been permitted to languish in terms of funding for

several decades. This effort has not, in recent years,
enjoyed the support of the l,egislative Branch, or, in

earlier years, of the Executive Branch. This must be
corrected.

The second element of space infrastructure

concerns the provision of high-confidence, reason-

able-risk transportation to space. In this regard, the

U.S. will be unalterably committed to the Space

Shuttle fbr many years hence. Thus, NASA simply

must take those steps necdcd to enhance the

Shuttle's reliability, minimize wear and tcar, and

enhance launch schedule predictability. Cost

reductions also are desirable but secondary to the
preceding objectives.

We further conclude that NASA should procced

immediately to phase some of the burden being
carried by the Space Shuttle to a new unmanned

(but potentially man-rateable) launch vehicle. The

new launch vehicle should offer increased payload

capacity and be derivable wherever practicable from

existing components to save time and cost. Presum-

ably, some of these components could be obtained

selectively fi'om the Shuttle system itself, including
launch facilities. Future enhancements would use

elements derived from the Advanced Latmch System

technology program in progress under thc coopera-

tive management of NASA and the Department of
Defense. Such an evolving heavy lift launch system

should be designed to produce substantial reduc-

tions in launch costs; a major, albeit moderately

declining, portion of NASA's budget.
It should be recognized that the substantial near

term costs of developing any new heavy lift launch

vehicle make a purely financial argument for its
cxistence not particularly compelling. Rather, the

objective is to attain a rcliable, unmanned vehicle

that complements the Space Shuttle and that can be

used fbr routine space trucking, saving the Space

Shuttle for those missions requiring human presence.

The resulting reduced demand for the Shuttle will

help relieve the schcdulc pressures which have

contributed to some of the problems the program
has encountered.

Even though selected Space Shuttle compoucnts
and existing launch facilities might bc used for the

proposed new launch vehicle, the hazards of cou-
pling failure modes between these two vehicles can

be reduced to what wc believe is an acceptabic level.

In short, we must buttress the civil space program's

capacity, and means of access to space as soon as
possible.

Over the longer term, the nation must turn to

new and revolutionary technologics to build more

capable and significantly less costly mcans to launch

manned and unmanned spacecraft, including those
that one day will travel to the Moon and Mars.

However, the type of launch vehicle and the specific

operational concept that will bc nccded to propel
spacecraf_ ti_om the Earth's surface to orbit and on to

the Moon and Mars will depend on the results of

mission architecture studies now underway. In the
meantime, while we await the definition of the

future spacecraft and launch vehicle requirements,

the nation must maintain a vigorous Advanced

Launch System technology program. This program,

augmented by new propulsion technologies, will
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provide the elements to enhance our current and

evolving launch vehicle fleet and cvcntually provide

the basis for complctcly new and revolutionary

launch systems.

2:_tcr_.,at/ona ! _,,_.,:,_i;s NASA's accomplishments

over the years in space science and technology have

helped motivate other nations to pursue space
programs of their own. The success and interests of

these new participants in the civil space arena places

NASA's role in a somewhat changed context as wc

approach a new millennium, one where our nation

must both cooperate and compete. Intcrnational

cooperation can serve to demonstratc leadership, to

tbrge productive relationships and to broaden the

range of available opportunities for accomplishmcnt,
as has bccn shown through a long and successful

history of NASA supported international partner-
ships. But international agreements can also lcad to

bureaucratic constraints and delays where man),

levels of approval are required for each dccision.
The Committee notes that international commit-

ments must be made carefully, supported by all

affected parts of the government prior to consum-

mation, including the ('ongrcss, and thereafter

honored scrupulously. Wc emphasize that interna-

tional cooperation should continue to be an integral

part of the U.S. civil space program. But wc also

emphasize that the U.S. should retain management
control for critical in-line program elements in

ccrtain long term undertakings such as human space

exploration, and that the U.S. nmst continue to

have a fully competitive stance in areas such as the

access to space itself; i.e., launch vehicles which have

broad impact on the fundamental viabilit T of
America's civil and colnmcrcial space programs.

Smm" +:iraqi Obs_:_w:_tions This, then, is the space

program that our Committee recommends. A
number of further recommendations arc ofl_:rcd in

the text concerning management improvements, and

the allqmportant matter during the years ahead of

attracting to and retaining within NASA a share of

the nation's most capabtc people. Organization

charts and improved management practices will

prove altogether hollow if NASA is not permitted to
attract the extraordinary people needed to success-

fully pursue the energetic goals prescribed herein.

Many of the recommendations we offer deal

with the seemingly mundane aspects of the space

program -- but, in our view, arc of no less impor

tance than the higher-impact recommendati(ms wc
also offer. These recommendations and suggestions
arc included in the text and address such matters as

enhancing cost estimating capabilities, increasing

cost, schedule and performance margins, and

strengthening systems engineering.

Hox_ shall we pay the bills for all of this? First,

as already noted, we assume growth in civil space

funding tor the next decade. We also recommend a

rcdcsign of the Space Station, in part, to reduce

cost. Wc would propose diverting funds fi'om thc
planned additional Space Shuttle orbiter (but not

from support hardware needed to assure the Spacc

Shuttle's continucd operational viability.) to enable

construclion of the new unmanned hea W lifi launch
vehicle. Wc believe that a new tmmanncd launch

vehicle itself can produce substantial savings -- but

not in the ncar term and in the longer term only if

we change our processing philosophy and man-

power. Wc recommend configuring the long term

manned exploration program, which focuses on
Mars but has critical stepping stones along the way

in the form of the Space Station and a lunar base, to

a schedule that adapts to the availability, of funding.

And wc propose a number of management enhance-

ments that should produce cfficiencies and modest

attendant cost savings. The most important of this

catcgoq, of improvement, however, is not fully

within NASA's wherewithal to implement --

namely, the provision of predictable and stable
funding. This will rcquire the support of other parts

of the Administration and the Congress. The

essential role of this support cannot be overempha-

sized it' the U.S. is to have a successful civil space

program.
It should also bc noted that NASA has a

number of other responsibilities to which it must

attend. Foremost among these is the continued

support ,)fa strong acronautics program -- the

linchpin of America's competitiveness in civil
aviation. NASA should also contint, e to help

nurture a commercial space industry, as it has in

recent vcars. The Committee is strongly committed

to the frcc enterprise system and believes NASA

should do only those things that cannot bc satisfac
torily performed in the private sector, including

academia and industry. There are, of course, many

matters which can only be done within the govern-

ment, ilacluding, to name but a few, the pursuit of

leading-edge, high cost research with uncertain or

tong term payoff, planning and providing specialized

joint ttsc fhcilitics; and administering contracts and

monitoring the performance of contractors.

Finally, in regard to NASA's other responsibili-

ties, wc applaud its on going cttbrts to enhance the

nation's mathematics and science programs.

Wc believe that the legacy our generation

should leave to the future is that we pioneered the



exploration of space, and thereby made important

discoveries that will prove of benefit to all mankind.

However, space activity is inherently difficult --

involving advanced technology and taking place over
great distances. It demands reliance upon machines,

often very complex machines, which are designed,

tested and operated by mortals. It involves rewards

which may be intangible.

As we labor under such challenges, we should

insist upon excellence. We should strive for perfec-
tion. We should demand the utmost of those to

whom we entrust our space endeavor. But wc
should be prepared fi)r the occasional failure. If we

as a nation are to place a greater premium on letting
nothing go wrong, on not making errors, and on

ridiculing those who strive but occasionally fail, than

we place upon seeking potentially great accomplish

ments, then we have no business in space.
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The United States in Space

Today's civil space program is the product of its

history and its goals tbr the/hture. Over time, the

basic character of the space program has undergone

change, perhaps most notable being the evolution

from brief "one time" events to prolonged opera-

tions, including the continuing use of the Space

Shuttle, the planned establishment and operation of
the Space Station Freedom, and, in the President's
words, "... back to the Moon ... this time back to

stay." This trend has placed, and will continue to

place, increasing demands on NASA as it pursues

challenging new development projects -- if it does

not shed at least sonic ongoing operational projects.

The assignment of responsibility for operation of

meteorological satellites to the National Oceano-

graphic and Atmospheric Administration (NOAA) is

an excellent example of the needed approach.

A balanced assessment of today's civil space

program is facilitated by a review of how we got to

where we arc, the challenges of space flight, the
realities of risk taking and the overall objectives that

slaould be met by any future space program --
especially within the realistic constraints of

aflordability. Each of these topics is addressed in
tiffs section.

Historical Perspective

The lirst American and Soviet space flight projects
started only one day apart. On July 29 and 30,

1955, both Washington and Moscow announced

plans to latmch artificial satellites during the 1957

International Geophysical Year. F,ut the Space Age
birth date is clearly October 4, 1957, when the

Soviet Union launched its 184-pound Sputnik into

orbit, the space equivalent of the Wright Brothers'
Kitty ttawk flight just 54 years earlier on December
17, 1903.

What was the perspective of the entire history of
aviation by the year 1940, the elapsed time corre-

sponding to our 1990 view of the space program?
One significant di(fi:rcncc stands ()tit: aviation

emerged in a time of relative world peace while

space was born amidst tensions brought about by

the Cold War. In 1940, the world was poised on
the cdgc of conflict. In 1990, most of the world is

united to a dcgrcc fi:w of us can recall, despite the

adventures of an occasional renegade leader on the
world political scene.

The launch of Sputnik shocked our nation, and

the reaction was swift and far-reaching (Figure 5).
Wernhcr yon Braun's tcanl at Redstonc Arsenal was

eventually given permission to launch a satellite on

the Army's Jupiter C rocket. They succeeded, on

January 31, 1958, in the launch of the 10-1/2

pound Explorer I, carrying into orbit two micro-

meteorite detectors, a Geiger counter, and associated

telemetry. Despite its small size relative to Sputnik,

these miniaturized instruments gave birth to space

science by discovering and mapping what came to be

known as the Van Allen radiation belts surrotmding
Earth.

Within a flew months, on July 29 Congress
passed the National Aeronautics and Space Act of

1958, a tar-reaching piece of legislation that created

the civilian NASA and provided guidance to our

national space program that still appears flesh today.
NASA opened tbr business with a complement of

nearly 8,000 employees trans6zrred from the Na-

tional Advisoq, Committee for Aeronautics (NA('A).

By the end of 1960, NASA's personnel rolls nearly

doubled with the addition of yon Braun's Army
Ballistic Missile Agency (later renamed the Marshall

Space Flight Center); the new Goddard Space Flight
Center, initially staffi:d from groups at the Naval

Research l,aboratory and the Naval Ordnance

Laboratory; and the Jet Propulsion Laboratory of
the Calitbrnia Institute of Technology, then and

now a university-operated tacility.

But the Soviets were not standing still during
those tbrmative ),cars. A month at_cr the launch of

Sputnik I, the six-ton Sputnik II rocketed into orbit.

Its payload included a 1,121-pound capsule contain-
ing the lit_c-support cquipment for the canine

cosmonaut, Laika, whose presence clearly presaged
human space flight. That expectation was fulfilled
on April 12, 1961, when the Soviet cosmonaut Yuri

Gagarin became the first human to achieve Earth

orbit. His dramatic space flight captured the

imagination of the world and challenged American
tcchnolog3 _and leadership. The Kennedy Adminis-

tration resolved to gain the lead in space. After

rejecting an orbiting space station as too easily
within Soviet capabilities and an expedition to Mars

as too difficult to accomplish in a decade, a landing

on the Moon appeared to bc an achievable project
that would challenge NASA in all areas of space

flight, and establish the U.S. as the preeminent
spaccfaring nation.

Thus, betorc any American had yet flown in
orbit, President Kennedy, on May 25, 1961, asked

Congress to direct NASA to land astronauts on the

Moon and return them safi:ly to Earth within the

decade. The projected $20 billion cost of the first
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hmar landing ($94 billion in 1990 dollars) would
boost NASA's budget to its peak in 1965, about 0.8

percent of the Gross National Product (GNP), but

the alternative of surrendering space leadership
appeared unthinkable.

The response was dramatic. The yon Braun

team initiated a fast-paced project to dcvelop the

essential heavy lili launch vehicle, the huge three-

stage Saturn V that would lift 120 tons of payload

into near-Earth orbit as the first step on the

240,000-mile voyage to the Moon. A giant new

launch complex was built at Cape Canaveral; a ncw
manned space flight center was constructed at

Houston; a worldwide tracking and data network

was established; and new industrial and university

research facilities were created across the country.

The prccursor Mercury and Gemini programs were

conductcd to develop the necessary tcclmologics fbr
Apollo, and robotic missions were sent to character-

izc the lunar surfhcc. On July 20, 1969, Ncil
Armstrong, Buzz Aldrin, and Mike Collins flew the

historic Apollo 11 mission that touched down on

the lunar Sea of Tranquillity "tbr all mankind" -- on

time and within budget.

The Apollo program dominated the public

perception of NASA during the decade of the 1960s

and beyond, through the launch of Apollo 17 in

1972. But there was also a "silent" civil space

program of considerable magnitude underway
during this same period, one whose legacy may be

even more lasting. During the Apollo period seven

successfifl missions wcrc launched to other planets of

our solar system, giving rise to thc new field of

planetary science. Following the success of
Explorer I, more than 70 scientific satellites wcrc

launched, each success accruing new discoveries in
space physics. Nine successful solar and astronomi-

cal observatories were launched, permitting, fbr the
first time, observations of the solar system and

beyond from outside our atmosphere.

Science was not the only beneficiary of

America's space program. A space applications eflbrt

was born on April 1, 1960, when Tiros I, the first

meteorology satellite, was launched. Twenty-nine

more such satellites were launched during the

Apollo period, and the meteorology program

became filly operational when the responsibility for

operational meteorology satellites was assumed by
N()AA and its predecessor agencies in the mid-
1960s.

The first passive communications satellite,

Echo I, was placed into orbit on August 12, 1960,

and the first successful synchronous communications

satellite (Syncom II) was orbited on July 26, 1963.

A host of other communications payloads gave birth

to the communications sateilite industry, now

generating $2.5 billion annually in the U.S. and $3.7
billion worldwide.

Other satellites were launched to monitor

Earth's atmosphere and observe the ocean. The first

Earth Resources Technolog'y Satellite (now known

as Landsat) was launched in 1972, providing repeti-
tive coverage of the entire Earth (except the Polar

regions) every 18 days. lames Fletchcr, NASA

Administrator in 1975, said: "IfI had to pick one

spacecraft, one space development to save the world,

I would pick ERTS (Landsat) and the satellites
which I believe will be evolved from it late in this
decade."

In retrospect, NASA's accomplishments of the

Apollo period provide an historical guidepost for the
attributes of the Space Program which America

should seek to maintain in the future; one that is

capable of providing an impressive stream of scien-

tific infbrmation to help us understand the physical
order of the universe in ways that can aid this and

future generations; and one that insures that the

opportunities wc open fi)r operating in space can be
applied to practical problems here on Earth. A

lesson that history offers is that the spacc program
seems to work best, to provide these scientific and

practical benefits, when there is an overreaching goal
that can generate public support and fi)cus the

technological infrastructure on tangible objectives.

We believe this to be an important observation.
The Apollo program was an enormous techno-

logical achievement, and its momentum carried the

NASA manned programs forward into the 1970s. In
1973, Apollo components were modified to launch

the 120-ton Skylab prototype space station. The last

Saturn rocket latmched an Apollo Command Service

Module for the 197S Apollo-Soyuz Project.

But the transient motivc bchind the Apollo
program -- and the rapid mobilization of ftmds and

personnel that made success possible -- eventually
impeded the gradual evolution of a stable and broad

public consensus about the nation's purpose in

space. Thus, Vice President Agnew, in 1969,

appointed a Space Task Group to cxpk)rc post-

Apollo manned space flight alternatives. Proposed

programs included a large orbiting space station, a

rcusablc Space Shuttle, continuing ltmar exploration,

and a mission to Mars. Of these, President Nixon

selected to pursue the Space Shuttle. The "Moon
race" was won, and national attention turned
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elsewhere. Saturn V production was terminated,

and the space program's budget shnnped back to
one-third of its 1960s peak in terms of constant
dollars.

Nonetheless, impressive space science achieve-

ments continued, including the Pioneer 10 Jupiter

fly by in 1973, the Mariner 10 Mercury fly by in

1974, the Viking 1 and 2 in-situ analyses of Martian

materials in 1976, and the Pioneer 11 Saturn fly by

in 1979. However, during this period funding for

space research and tedmology dropped more than

80 percent from its peak in 1965. The applications

effort also had its unique problems. Despite the

successes of meteorology, communications, and

Earth observations, government policy increasingly
became, in essence: "If there is a user, either private

or public, NASA's role should bc confined to initial

technological demonstration of f_asibility. There

after, the user should pick tip both the cost o[; and

responsibility for, further development, dcmonstra
tion and operations." Thus, tor example, it was

expected that all research and development support-

ing space communications would be assumed by

industtT, despite substantial evidence of industD,'s

inabili D, and unwillingness to assume this responsi
bility. This prompted the ritual lasting several years

whereby the Administration would strike all fi.mds

for the Advanced Communications Technology

Satellite (ACTS), and Congress would reinstate
them (Figure 6). Other examples include the

transf;zr of I.andsat to NOAA with the stipulation

that Earth surveillance activities enter the private

domain, despitc the tiact that the principal customers

of l.andsat data are government agencies who are

loath to commit to any hmg term fiinding for data

products, and researchers who generally have

government grants insutficient in size to purchase

commercial products. Even today the succcssful

metcorologica[ satellite system may sufli:r unless

funding is provided to undertake the development
of new instrumentation, either dircctly to NASA or

through inclusion in the NOAA budget and subse-

quent transfer to NASA.

To continue manned spacc flight, thc rcusablc

Spacc Shuttle development program was initiated in

1972, thc two principal goals being incrcased access

to space and a substantial reduction m the cost of

orbital flight. Unff)rtunatcly, budget cuts, technical

problems and continuing stretch-outs fi)rccd design

compromises that [cd to perR)rmance shortfalls. The

resultant schedule delays and cost overruns also

severely impacted NASA's science and exploration

programs. NASA's own Advisory. Council bcgan

preparation of a report with the descriptive titlc

"The Crisis in Space and Earth Science," which

outlined the serious difficulties caused by fewer and

fewer flight opportunities. The Shuttle is a great

tcdmical achievement, but a failure at reducing

costs. Nevertheless, these problems wcrc beginning
to bc fi_rgotten in the early 1980s as 24 Shuttles

were successfully flown, and the nation viewed such

spectacular achievements as huge satellites being

deployed in space and astronauts capturing and

repairing malfimctioning satellites and perlbrming

in-space experiments. Many took success largely for

granted - until January 28, 1986, when the nation

was stunned by the Challenger failure.

The immediate consequence was that part of

the U.S. civil space program that depends on the

Space Shuttle was essentially put "on hold" tor over
2 1/2 years. An earlier national decision to

maximize the economy of the Shuttle by scrapping

virtually all expendable launch vehicles, coupled

with flight failures among those expendable vehicles

lhat did remain, made it a virtual certainD, that
nothing could be launched. After decades of success

and approbation, NASA felt the wrfith of even its

fi'iends. The science community, found large

fi'actions of their careers "on hold" and the prob-

lems (mllined by the "Crisis" report were cxacer
bated. It was a difficult period tbr the men and

women who had built their careers in the space

agency.

Even af{er space flight was re-established in

September 1988, considcrablc discnchantment

lingercd ..... encouraged by some parts of the media
that by this time had turned "NASA-bashing" into a

journalistic art. Criticism tbr a lack of"goals" was

inflicted, even though many parts of the agency had

recently improved their strategic planning and

established rather specific goals.

Earlier, and to supply needed direction to the

manned program, President Reagan initiated, in

1984, the Space Station Freedom program as "the

next step in space" that would provide lbr a '<perma

ncnl human presence." Its goals were not consid

cred sufticiently specitic by the Congress, however,
which in turn created the Presidential National

(Mmmission on Space to look "beyond the next

step" and to recommend king-range goals fbr the

United States civil space program. Unfortunately,

the tinting of the Commission's rcport coincided

with lhe (;hallenger accident, postponing any

prospects fbr implementation.
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Figure 6
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Thirteen succcssfill Shuttle flights havc occurred
since operations were resumed in September 1988.
Significant Shuttle successes include the launch of

the Hubble Space Telescope, the Magellan mission

to map Venus, the Galileo mission to Jupiter, and

Europe's Ulysscs tour around Jupiter and back to
the Sun's polar regions. Yet, while there have been

significant management changes within NASA and

exciting missions arc being planned and flown, there
remain valid concerns.

Such is the environment as wc enter the 1990s.

Thc Ideal Space Program

Thc Unitcd States has progressed a long way in

space since the initial shock of Sputnik. A broad

space program has evolved over time, and a space

organization structure has emerged which includes

governmental, industrial and academic segments.

All of these elcmcnts were created, modified and
adapted to political, economic and international

factors which have undergone significant change

sincc the early days of the NASA space program.

We arc thus at an appropriate time to step back
and vicw where we are going and what is the best

way to gct there. Among the most needed ingredi-

ents of America's space program is a consensus of

support tbr its goals and its resource needs --

whatever they may be. Only with such a commit

ment on an enduring basis can our nation hope to

undertake the challenging, long-term missions that

comprise any space program worthy of pursuit. It is

instructive to ask the question what an "ideal" space
program and organization might look like and what
would bc its attributes. We would characterizc the

"idcal" space program as comprising:

15
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• a challenging set of space missions, strongly

supported by the American people over extended

periods because it contributes to the nation's

well being and is affordable;
* a set of space program building blocks and

technology achievements that can be clearly
related to the overall mission and affordability

levels;

• a program that receives stable, multi year fund-

ing, is relatively insensitive to technolog3' setbacks
or even an occasional failure while routinely

delivering useful, incremental technological
developments, including the occasional "break

through ;"

• an organization that continually attracts and
retains its share of the nation's best talent; and

• an eflbrt that yields visible and significant results,
so that the American taxpayer can justifiably

believe that the organization is accomplishing its
mission efficiently, effectively, and in a fiscally

responsible manner while contributing to our
pursuit of knowlcdge, the quality of life here on

Earth, and to the inspiration of all peoples.

Thc President has proposed to the nation a

challenging set of space missions but the Congrcss

has not yet appropriated the resources needcd to

carry them out. There appears to be strong support
from the American peoplc tbr a national space cffi_rt,

but disagreement on its elements. The United

States has a far morc capable space organization than

is generally appreciated -- but one that is not, in our

opinion, satisfactorily structured to accomplish its

current goals and that, without help, is not likely to

be able to acquire and retain the talent necdcd to

carry., out these goals over the long-term.

Excellence and Risk Taking

The most fundamcntal ingredicnt of a succcssfifl

space program, asidc from the people who partici-

pate in it, is the culture or work cnvironmcnt in
which it is conducted. There is no more important

task fbr managers at all levels off NASA and its
contractors than to nurture a culture of excellence;

of complete dedication to product quality and safizty,
and to total teamwork in achieving that goal. Space

is a very, unR)rgiving place. It is highly intolerant of

human failings or benign neglect- even of the t3,pc

that might bc c(msidcrcd mim)r under less stressing-

circumstances. Space activities demand the utmost

of everyone in an}, way associated with them. In
short, there can be no acceptable objective among

those who would challenge the vastness of space

other than perfection.

Unfortunately, this is an objective not readily

met by, humans, even though it remains the goal.

But perfizction can most closely be approached in an

organization whose ethos is one of excellence and

where this ethos permeates everything it does. Such

an organization must insist upon great personal
dedication, encourage unwavering self-scrutiny and

self-discipline, and promote constructive question

ing. It must bc clear to all that, in this culture,

excellence is more important than schedule and

more important than cost -- even though these too

arc i'mportant -- and that management at all levels

can bc reliably counted upon to act with this as its
set of vahies.

To sustain such an environment ncccssitatcs

team building; the success of the mission is more

importanl than the immediate role of a given
individual, center, or contractor. It requires as

participants, pcopte who are knowledgeable enough

to recognize even the hint of an emerging problem,
who arc motivated enough to care, and who arc

courageous enough to do something about it.

For its part, management at all levels must
create a culture in which people arc actively cncour

aged to disclose even minor anomalies, to put

problems squarely on the table. Equally important,
it must bc clear that management and workers alike
will not tbr a moment tolerate those who would

intentionally undermine this culture of excellence,

since to do so is to nourish an organizational cancer.

Such a culture is not easily created. Fortunately,

among NASA's strengths over the years has been
the t_)ctts on mission success, and this fi)cus needs to

bc continually rcinfi)rccd. There is no morc impor

rant responsibility for NASA's management.
But NASA's mission is a difficult one, probably

more difficult than that of any other organization in

the world. Each Voyagcr spacecraft has the elec-

tronic circt, itr 3' of over 2,000 color television sets,

vet is required to work for 12 },cars while traveling

from Earth to Neptune. The two Voyager space

craft schedules wcrc absolutely unforgiving, the

planets in their paths aligning themselves only once

cvm T 170 years. Yet, by the time Voyager 2 reached

Neptune, 4.4 billion miles away and 12 },cars later,

the spacecraft was a mere 22 miles off its charted
course alld only one second off its updated tlv by

time. Mechanical challenges arc equally impressive.

Each Space Shuttle contains some 300 miles of

electrical wiring, over 3,000 fcct of welds, and over



2.5millionlincsofsoftwarecode.Itspumpspropcl
65,000gallons(thecapacityofa largeswimming
pool)throughitsengineseachminute.Thepower
turbineontheShuttleoperatesatatemperatureof
1,300degreesFahrenheit.lust4feetaway,the
pumpturbineoperatesatminus400degrees
Fahrenheit.

Theopportunitiesforhumanerrorarethus
tbrmidablc.At itspeak,Vikinginvolvedsome
13,000people,Skylab 32,000, Space Shuttle

52,000, and Apollo 180,000. The Hubblc Space
Telescope involved a total ofovcr 40 million hours

of work. To process a Space Shuttle for flight

requires that 1.2 million separate procedures be

accomplished.
Furthermore, NASA must do all that it does in

the public spotlight -- which is, of course, as it

should be. But this leads to magnil_ing any errors.

Wc doubt, howcvcr, that any large institution in

America, public or private, would present a much

bctter image over the long-term than does NASA, if
subjected to similar visibility while pursuing such

imposing tasks.

But even with an objective of perfection, such

challenging undertakings entail risk. Every, person

encounters some degree of risk daily. The chanccs

of being killed in an automobile accident are about

one in every 100 million miles driven. If we fly to

some distant city, the chances are reduced to about

one per billion miles.
Risk has been a companion to all great human

adventures. Today, astronauts routinely circum-

navigate the Earth in 90 minutes. In 1519,

Ferdinand Magellan's quest to circumnavigate the

globe began with five vessels and a crew of approxi-

mately 280. Only one ship and 34 crewmen

returned, three years later. Magellan himself did not

survive the voyage. In more contempora_, circum
stances, test pilots in tile 1950s had a thtality rate of

about one in tbur as they pushed thc barriers of

supcrsonic flight.

In a very, real sense, tile space program is

analogous to the exploration and settlement of the
New World. In this view, risk and sacrifice are seen

to be constant fi:atures of the American experience.

There is a national hcritagc of risk taking handed

down ti'om early explorers, immigrants, settlers, and
adventurers. It is this element of our national

character that is the wellspring of the U.S. space

program.

Yet, today thcre sccms to be the dangcr that the

spark of adventure is flickering. As a nation, we are

becoming risk averse. We demand only perfection,
not as a goal -- which we should -- but as a reality,

though none of us is perfizct. We insist on cost

benefit analyses although, as Daniel Boorstin,

Librarian of Congress Emeritus, has pointed out, "the

most wonderful things in life are not cost-eflkctive
-- like love and children." Success should be

sought, and prized when achieved, but not always

expected. If it is expected, people will stop taking

chances, and if people stop taking chances, nothing
great will be accomplished.

NASA has the critical responsibility of doing

everything it can to minimize the human risk

inw)lvcd in meeting the nation's space goals, a

responsibility that wc believe it has now firmly

embraced. This rcquircs that NASA's cnginccrs bc

sclcctcd from thc bcst the nation has to ofli:r, that

they employ rcsilicnt designs, use the best technol-
ogy available, be meticulous in quality control and

impervious to diversionary, influences.

Our Committee believes that, as in the past, we

as a nation must be prepared to accept the conse-

quences of undertaking cndcavors that arc worth-

whilc but present some risk of failure. Wc should

insist on perfection as a vcry, real goal but should not

make it more advantageous to avoid failures than to
achicve successes. We should not bc reckless, nor

should wc demur t?om all things entailing the risk of
failure. Thus, the Committee believes that the

Administration, Congress and the American people

must be preparcd for the cvcntuality that NASA will

one day -- perhaps not too far in thc future -- sufl_izr

another major accidcnt. That is the reality.

As President Kcnnedy once said: "We do these

things not because they are easy, but becausc they
are hard."
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General Concerns

Before contemplating recommendations to

strengthen America's future space program, it is
advisable to have a solid comprehension of the

concerns affecting America's present space program,
as expressed by knowledgeable observers ot, and

participants in, that undertaking. Stated other_vise,

it is a good idea to understand the problems beff)re

proposing solutions.

The civil space program has been subjected to a

variety of criticisms, particularly in recent years,

some of which in our opinion are justified and
others not. Whatever the case, a number of issues

have been raised that most observers would agree

are deserving of careful attention as the space

program moves into what can be a phase of signifi-

cant future accomplishment. Among these concerns
are the following nine issues.

Lack of Consensus

The President has promulgated a set of goals for

much of the civil space program together with a

schedule for accomplishing them. Qucstions have

been raised, particularly in legislation enacted by the

Congress, as to the financial fi:asibility of achieving
these goals -- at least in the manner they arc

currently being pursued. This disparity of objectives

and rcsourccs is exacerbated by the thct that there

exists a wide spectrum of perspectives, even among

the participants in the space program, as to what its

objectives should be, with some arguing for more

emphasis on basic science and others promoting

applications, some supporting a centerpiece manned
program while others favor far more extensive use of

robots. Clearly, an), program that involvcs goals

demanding 5, 10 or even 30 years fbr thcir achieve-

ment must enjoy a solid underpinning of broad,
enduring support. The alternative is to sufl)cr

through a prolonged sequence of projccts that arc

started, stopped, and rcstartcd, only to bc modificd
again and again.

Overcommitment

It is the Committee's considered judgment that

NASA is oversubscribed in terms of the projects it is

pursuing, given its financial and personnel resources

and the time allotted to pursue them. There arc at

least two causes for this situation. First, projects

have on occasion tended to grow in complexity and

size as they have evolved, thereby demanding more

resources than originally foreseen. Second, the
initial estimates of required resources too often have

been understated, particularly with regard to cost.

This is an affliction that is by no means unique to

NASA, but one that frequently has bedeviled large

projects whether pursued in the public or private

sector. The challenge of working at the edge of the
technological state-of-the-art, which has been almost

synonymous with the space program and will
probably continue to be, makes all the more difficult

the matter of accurately estimating future resource
needs.

Whatever the cause, the consequence is clear:

too many projects arc initiated, resource shortages

appear, and margins, if ever any were prcscnt in the

first place, are inexorably eroded until little or no

management latitude remains. The nation's space

program of the future must provide at the outset

realistic estimates of needcd resources and a manage-

ment approach compatible with the unccrtainty

thcrcin. Major, high-technology undertakings

necessitate the provision of margins -- whether they
be in goals, schedule, cost, design concept, or all of

the above. Any failure to provide adequate margins
virtually assures a perpetual resource dilemma fbr
management and continual frustration for workers.

Management Turbulence

"Management turbulence," defined as continual

changes in cost, schedule, goals, etc., is closely

coupled with the prcvious two issues. Turbulcncc is

most often the consequence of unforeseen technical

problems, lack of design discipline, or unrealistic

budget forecasting. Each change induced has a way
of cascading through the entire project execution

system, producing havoc at every step along the way.

A changc necessitated at NASA headquarters can

affect several centers, each of which passes the

change along to a number of major contractors who,

in turn, domino the impact onto perhaps hundreds
of subcontractors and in turn to even thousands of

lower-tier suppliers. At each step, contracts must be

rencgotiated, people reassigned, designs changed

and schedules revised. Soon, a disproportionate

amount of time is spent in the pursuit of these
change practices instead of producing the end
product itself.

The impact of excessive revisions in research

contracts conducted by universities has much the

same effi:ct. In this case, substantial et_brt is devoted
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by academic researchers to the preparation of

proposals for research support. When the presumed

fimds to support the work are subsequently diverted

to other objectives, the productive talents of some of

the nation's most able people are largely wasted.

Perhaps the greatest price extracted by excessive
turbulence is, however, the impact it has on motiva-
tion and morale of the individuals involved in

carrying out projects -- both within government

and outside -- who would prefcr to devote their
abilities to more constructive endeavors.

Institutional Aging

NASA is now a third of a century, old and no longer
operates under the relatively more flexible policies,

regulations, and legislative environment that charac-

terized its earlier years. Among the concerns that

have been most often heard by the Committee has

bccn the suggestion that the civil space program has

gradually become afflicted with some of the samc

ailments that are found in many other large, mature
institutions, particularly those institutions which

have no direct and immediate competition to

stimulate changc. It is said that, on occasion,

projects appear to have been tailored to help per-

petuate the work if)tee, rather than the work force

having been tailored to mcct the nceds of the

project. One by-product of any such practice is that

it tends to maximize the number of organizations,
and therefore interthees, involved in a task --

exactly the opposite of generally accepted manage

ment philosophy that argues for minimizing intcr-

thces, the "nooks and crannies" where problems

seem to breed. Concern was expressed by the

Rogers Commission investigating the Challenger

accident regarding the willingness of the various

NASA centers to energetically support one anothcr

or take direction from headquarters. Similar obscr
vations have been expressed not only by individuals

outside of NASA, but occasionally from within

NASA as well. An intense effort by the current

center and headquarters managcments has bccn

underway to redress these hmg-building trcnds, yet

much remains to be accomplished in this most

difficult of management challenges, a cultural shift.

Personnel

Contrary to the popular saying, at NASA you do

have to be a rocket scientist to fill many of its

demanding positions. There are few organizations

in the world that confront on a daily basis the

challenging, unforgiving tasks that are NASA's

everyday fare, whether it be flying a "human
satellite," exploring the outer planets with a robot

spacecraft, or peeking into the creation of the
universe. Achievements such as these demand an

adequate share of the nation's best and brightest.

To obtain such people NASA must compete head
to-head with a host of other world-class institutions,

including the finest of industry and academia who

arc also socking these very same people. Unfortu-

nately, broadly applicable civil service practices arc

not conducive to attracting and keeping people with
special w skills of the type so much in dcmand at

NASA (and elsewhere). In the past, the challenge

and excitement of the space program has been a

signiticant inducement for exactly the type of people
one wishes to attract. However, this tbrm of

currency has in recent years bccn somewhat deval

ucd as criticism has been heaped upon the civil space

program and its participants, and as the image of

public service in general has bccn permitted to

dctcrioratc -- a development that the Committee
decries.

NASA today is moderately competitive in

acquiring new college graduates, but not competi

tivc Ibr experienced engineers and senior,
technically-qualified managers. Deterrents include

non-competitive pay, lack of sufficient coupling of

pay and perlbrmance, inadequate compensation for

moves, excessively bureaucratic hiring and firing

procedures, and limited career development prac-
tices. In addition, NASA has now largely lost a

principal source of leavening and fresh perspectives

that was available throughout its early years in the

ffJrm of" mid-level employecs who would fi)rego
positions in academia or industry, to serve sevcral

},cars in government. This latter source of experi-
enced personnel has largely been denied in the eflbrt

to avoid potential conflict-of interest situations. In

short, given current policies, the Committee is not

sanguine that in the future NASA will bc able to

obtain or retain the necessary cadre of skilled
personnel in a field where the most critical asset is

the talent of the individual participants.

Technology Base

Next to talented people and a culture of excellence,

the most important underpinning of the civil space

program is its technology base. This base comprises
the eflbrt to develop key building blocks such as

engines, computers, materials, and the like that



enablesignificantnewmissionsto besuccessfully
undertaken.Unfortunately,thisbuilding-block
effortdoesnotalwayscompetefaw)rablywiththe
missionsthemselvesincontendingfbrfundsand
skilledpersonnel.Often,fundamentaldevelopment
programsarelessglamorous,lessvisible,haveno
organizedconstituency,andgenerallyarecompriscd
of anumberofsmall-andmedium-sizeprojects.

Nonetheless,theconsequencesof neglectingthe
technologybaseareverymeasurableindeed,not
onlyimpactingAmerica'scompetitivenessbut
inducingmajorprojectsto beundertakenwithouta
sufficienttechnologicalfoundationinplace.When
problemsaresubsequentlyencountered,these
projectsmustberestructured,usuallyaccompanied
byanincreaseincost.Theresultisthatmajor
pursuits,withlargeworkforcesthatcannotafibrdto
bcheldin abeyance, siphon money from smaller

research projects or from the technology base itself,
and the whole cycle starts anew. It seems clear that

our technology base, including its supporting
thcilities, must be revitalized and afforded priority

commensurate with its importance if major new

projects are to be pursued on a realistic basis in the
decades ahead.

neering pursuits seems to be toward bigness; that

specific guards must be established against unjusti-

fied growth; and that, in any event, the issue must be
addressed on a case-by case basis.

Attention to Detail

Although not specifically within the purview of this

Committee, the technical problems that have

occurred ir_ the past in the civil space program have a

bearing on the formulation and execution of any

future space program. Further, these problems have
been at the root of much of the recent criticism

directed at NASA. Such occurrences cannot be

assigned a single cause, nor can they be precluded by

promulgating still more regulations. Their preven-

tion requires redundant, flexible designs, explicit test

procedures, independent checks and balances,

unwavering discipline and, above all, inquisitivc,

penetrating, and challenging people -- people who

are not satisfied merely to fill the squares of regula-
tions but rather are continually questioning and

ferreting out anomalies to be placed in full view of
all involved.
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Big Projects vs. Little Projects

A debate continues ovcr thc efficacy of pursuing a

t_:w large space projects as opposed to (many) small

projects. It has bccn asserted, sometimcs justifiably,

that cost ovcrrtms in large projects oftc,1 have been
to the direct detrimcnt of small research and tech-

nology undertakings, which arc called upon to pay
the bills. This concern far transcends the civil space

program and is endemic to the "Big Science Little

Science" debate in general.

Some large projccts arc clcarly unavoidable if

one wishes to pursuc certain goals. One cannot, tbr

example, send humans to thc Moon in other than a

very big project. I.arge projccts also somctimcs offcr
ccononaics of scale, permitting the sharing of a

computer, attitude control systcm, communications

link, or tracking channel among a numbcr of

component experiments. Nonetheless, a great deal
of useful scicncc can bc undertaken for thc cost of a

single major project. Furthermore, the timc scalc of

large projects often is incompatible with the needs of

academic institutions seeking to educate the nation's
ftlturc scientists and enginccrs, and seeking rcscarch

projects in which to participate. ('lcarly, no single
answcr to the "big vs. littlc" dilemma cxists, but it

must bc recognized that bigness is not of itself

goodness; that the natural tendency of most cngi-

Resilience of the Space

Transportation System

America's civil space program is heavily dependent

upon the continued successful and timely operation

of the Space Shuttle. The Space Station Freedom,
fbr example, demands a substantial number of

Shuttle launches on a relatively predictable schedule.

The Shuttle, even with its 1970's tcchnology, is

demonstrably capable of performing such under-

takings as man-tended satellite repair and recovery
missions. However, it has not realized the economic

benefits formed from the fbundation of its original

justification, and in terms of operating rhythm it in

no way emulates the fimctioning of commercial

airlines with which it is sometimes (inadvisably)

compared. It is the Committee's belief that routine,

on-time operation is not likely in the foreseeable
fi_ture. It is concluded, therefore, that we are today

ovcrreliant on the Space Shuttle as the backbone of

the civil space program.
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The Findings

Each of the major issues addressed by the

Committee is examined in this section of the report
and, where appropriate, recommendations are
offered.

Goals and Affordability

Goals. The National Aeronautics and Space Act of

1958, as amended, has served this country well and
served to establish the fundamentals of America's

space program. Much of the mission statement

contained therein, despite its origin over 30 },cars

ago, is equally valid today, including:
• "...it is the policy of the United States that

activities in space should be devoted to peaceful
purposes for the benefit of mankind."

• "...NASA [should] seek and encourage to the

maximum extent possible the fullest commercial

use of space."

• "...[the program should seek] expansion of

human knowledge of the Earth and of phenom-

ena in the atmosphere and space."

* "...[an objective is] the preservation of the role of
the United States as a leader in aeronautical and

space science and technology.. 2'

• "...[there should be] cooperation by the United

States with other nations and groups of nations in

work done pursuant to this Act..."

The Space Act clearly sets forth the basic

rationale for today's space program. In fact, how
ever, our original national space eflbrt was to a
considerable extent fbunded on the need to assure

national security. The revelation of'the advanced

state of Soviet technology, reflected in Sputnik, and
the development of intercontinental ballistic missiles

propelled America's space and advanced military

technology eflbrts tbr many years. Fortunately, the
current world situation is in stark contrast to that

which existed in the late 1950s and 1960s. This

change is punctuated by events in the Soviet Union

and Eastern Europe, arms control initiatives, and

improving international relations in many (but not
all) parts of the world.

However, other concerns are replacing the

primary military threat to our national well being.
These new threats are economic and ecological, and
are closely tied to other important issues such as

education and energy. From an economic view-

point, many nations around the world threaten U.S.

technological leadership and competitiveness.

Deputy Secretary of Commerce Thomas J. Murrin,
in testimony before the Committee, summarized the

situation, stating: "While space missions may uplift
our spirits and enhance our prestige, it is economic

competition which will ultimately determine our
standard of living, the jobs that we and our children

hold and, to a large extent, our national security and

our international influence. The potential for space

activities to enhance our economic progress will
directly affect this nation's ability -- and its will --

m continue to be a permanent leader in the world."

In these changing times, our space program clearly
must be increasingly responsive to our future
economic needs.

Another emerging threat that will impact our
quality of life arises as a result of abuse of our

natural environment. To implement effective and

economical solutions to environmental problems, we
must first understand them. Observations from

space of our changing ecosphere will very likely
prove invaluable in this endeavor.

The basic "imperatives" of today's national civil
space eflbrt are, therefore, to:

• sustain our heritage to learn, explore, and dis-

cover;

• maintain our technological competitiveness in

global markets; and

• enhance the quality of life for all people on Earth.

In addition, the civil space program should

continue to contribute to the national security and
foreign policy objectives of the United States.

AjJbrdability. The afibrdability of these space goals

is a major concern, particularly in the current fiscal

environment. Furthermore, we must recognize that

it is difficult, if not impossible, to determine the

precise cost of certain long term future space

cndeaw)rs -- particularly the more costly ones.
Uncertainties of yet-to-be-demonstrated technoio

gies alone preclude precision in estimating costs.
Nevertheless, long-range programs such as those
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characteristic of space efforts demand that we be

prepared to undertake long-range funding commit
ments. This has in fact been the case in the past

where substantial sums were devoted over reasonably

long periods to civil space projects -- as indicated in

the following table:

Prograln

Program Total Program Cost
Development Cost as Percent of

(Billions of I990 Dollars) 1967 GNP*

Apollo $94.07 2.38
Shuttle 27.77 0.61
Skylab 9.23 0.22
Viking 2.94 0.07
Hubblc Space Telescope 2.1)8 0.04
Galileo 1.27 0.03

*Constantdollars ill peak funding }.ear

During the peak funding years of Apollo in the

mid- 1960s (well betbre the lunar landings), an

emerging basis for space program affordability was

being established, at least fbr that time, consisting of

approximately 0.8 percent of the Gross National
Product, 4.5 percent of the federal budget and about

6 percent of total federal discretionary spending.

Since the sixth and last Apollo landing on the

Moon, the NASA budget has declined by each of the

above measures. For the past 15 years, it has hov-

ered in the vicinity of 0.2 percent of the GNP,

1.0 percent of the tEderal budget, and 2.5 percent of

total federal discretionary spending.
A number of studies have outlined vigorous

space programs, many quite similar to the President's
recent initiative. While these programs differ some-

what in content and schedule, they are surprisingly

consistent regarding the near-term level of funding

required. Based on our own review, we believe that

a rcinvigoratcd space program will require real

growth in the NASA budget of approximately 10

percent per ycar (through the ),car 2000) reaching a

peak spending Level of about $30 billion per year (in
constant 1990 dollars) by about the year 2000. Such

a program will:

• provide for the basic infrastructure to operate
NASA, the recommended Science program, the

recommended and expanded Technology pro-

gram, a Mission to Planet Earth, a new start on a

phased and evolutionary heavy lif_ launch vehicle
and a rcconfigured Space Station; and

* provide sufficient funds to begin laying the
fbundation fbr lunar and Mars missions on a

schedule that will permit real progress and

significant periodic technical achievements leading

to a mamacd Mars mission in approximately 30

years, i.e., Mission from Planet Earth.

It a level of funding of about 0.4 perccnt of the

GNP can be achieved by 2000, and sustained

thereafter, then a vigorous but controlled civil space

program can bc pursued. The Committee believes

that, given the benefits it provides for the future of

this country, the nation's civil space program should

receive ft, nding support of this general magnitude.

If the program cannot receive support from the

Administration and Congress at this level, then the

achievement of goals of the manned exploration

program should be delayed, and the magnitude of
the Mission to Planet Earth reduced. Continuing to

strive for ambitious goals with inadequate resources

will only lead to continuing overcommitment. The

Committee suggests, therefore, that unless resources

on the order of 10 percent real growth, eventually

reaching about 0.4 percent of GNP, can bc sus-
tained, then a commensurate scaling back of our

space goals and objectives must bc undertaken in

accordance with the priorities described.

M()rt: importantly, however, the Committee
believes that the progress of any progral, n with the

ultimate, long-term objective of human exploration

of Mars should be tailorcd to the availability of

funding -- and not to some fixed date for accom-

plishment. This is not only because we cannot

exactly predict costs, or the rate of progress of the

revolutionary technology that will be required, but

because wc lnUSt ultimately limit the risk to pioneer-

ing astronauts. Clearly, their safety is of greater
concern than meeting any challenging, but in truth

arbitrary, schedule.

Program Content

For purposes of assessment, the civil space program

can bc categorized into space science, Mission to

Planet Earth, Mission from Planet Earth, tcchnolobq,
and launch systems. The fi)llowing sections address

thc_c topics.

Space Science, American scientists and engineers

have used opportunities for access to space to

advance human understanding of ourselves, our

planet, our solar system, and our universe -- from

the discover T of the Van Allen belts to the establish

ment of X ray astronomy, from the high resoh, tion

photos of the planets, their satellites, and rings to

the gh_bal weather monitoring and fbrecasting

system, from the growth in a microgravity environ-

ment of very large crystals to the age-dating of the

M_ m with hmar samples, from the detailed map

24



pingof theEarth'spolarozonedepletionsto the
precisemeasurementofthe"BigBang"residual
radiation,fromthediscoveryof theeffectsof
microgravityonbonegrowthandhealingin
mammalstodirectmeasurementsofmillion-degree
solarsystemplasmas,andfromthediscoveryofthe
enigmatic,rarerepeatinggammarayburstersto the
findingofancientandactivevolcanoesonother
planetsandsatellites.Theseachievementsandthe
understandinggainedfromthemwillcontinueto
beoneof themostsignificantproductsof the
nation'sinvestmentin thecivilspaceprogram.The
costof thiseffort,in recentyears,hasbeenonthe
orderof20percentof NASA'sbudget(Figure7).

Figure 7

NASA Space Science Spending
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With so spectacular a set of achievements as a

fimndation, and with a substantial number of space
projects underway, the U.S. space research enter-

prise should be healthy and flourishing. Yet discus-
sions with researchers within NASA and in the

university community reveal that there is significant

discontent and unease about what the future may
hold fi)r U.S. space research. The reasons for these
concerns have been documented in some detail in

the 1986 rcport entitled "The Crisis in Space and

Earth Science" issued by the NASA Advisory

Council. They include such factors as (a) the

widening of research horizons in response to past
accomplishments so that there are now more

opportunities than can be accommodated by the

available resources; (b) the space technology

required to support new advances is often more

costly and sophisticated than in the past; (c) the
growing complexity of interactions between NASA

and its larger and more diverse research community;
and (d) program stretch-outs, delays and cancella-

tions that waste creative researchers' time,

squander resources, and decrease flight opportuni-

ties. We believe that many of these reasons continue
to exist.

An underlying basis for the concern of the

research community has been that the strategies,

goals, objectives, and programmatic requirements of

the research program have not been adequately

distinguished from the parallel national objective of
placing humans in space.

Mechanisms are needed which alleviate the

more serious of these problems so that the talents

and capabilities of America's space researchers, both
inside and outside of NASA, can be focused on

substantive future opportunities. We strongly affirm

the central role of research in the U.S. civil space
program, hcnce --

Recommendation I: That the civil spade science
program should have first priority for NASA

resources, and continue to be funded at _pproxi-

mately the same percentage of the NASA budget

as at present (about 20 percent).

We note that this recommendation carries with

it the responsibility for the research community and

NASA to use these resources in a prudent manner to
carry out pioneering research. To do this, the

research community must understand and appreci-

ate, as wcll as participate in, the planning and

budgetary process. To facilitate execution of this

recommendation, we propose --

Recommendation 2: That, with respect to pro-

gram content, the existing strategic plan for

science and applications research proposed by

NASA with input from the science community be
funded and executed.

The present strategic plan provides appropriate

balance to the research program that must be

maintained across the disciplines, as well as across

the methodologies for carrying out the research. In

particular, an appropriate mix must be achieved

among small, medium, and large projects. A trend
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toward the development of large projects has

developed in recent years, driven by several factors.
These include the natural evolution in requirements

of some research fields and the "new start" process

employed by NASA, the Office of Management and

Budget and the Congress for initiating projects to

car_, out research. This latter process sometimes

encourages a "piling-on" of research objectives, as

well as of researchers, in order to strengthen fiscal

justification. An environment needs to be created

that will encourage small, thst paced projects as well

as large projects and enable both to flourish.

Research support activities, such as mission

operations and data analysis programs, as well as
many portions of the advanced technology develop-

ment program, represent the lif_ blood of civil space

research. These activities, together with sub-orbital

balloon and rocket projects, are the centerpiece of

universit T professor and student involvement with

the civil space program. Such activities encourage
substantial numbers of scientists and engineers,

beyond those involved in hardware development fi)r

major space flight projects, to participate construc-

tively and creatively in the space program.
Wc conclude, theretbre, that Research and

Analysis Programs, Mission Operations and Data

Analysis Programs, and the Advanced Technology

Development Programs should be viewed as equally

essential to the overall research program as arc

hardware projects themselves; that a "last track"
procurement process bc devised fbr such programs;

and that the resources allocated to these support
activities not bc used as "contingency" resources tbr

unexpected problems encountered on large flight

projects.

We view the overall management of the research

program to be a key part of the responsibilities of

NASA headquarters, and consider that the portion

of this activiw aimed at the outside research and

engineering community can be strengthened. Such
strengthening includes a reappraisal of the balance

between work perfbrmed in academia and that

perfbrmed within NASA itself. At present, the

process that allocates and transfers resources to non

NASA institutions can cause the university commu-

nity to be at a disadvantage with respect to NASA
center researchers and center-funded contractors,

the latter sometimes having "unabrella" U,pe
contracts for research support to the centers.

Wc urge that universities, other organizations,

and their investigator teams bc used increasingly as

"prime" contractors fiw space research instruments

and projects.

Wc recognize that the implementation of this

recommendation will va_, from one research

discipline to another, as well as from project to

project. But we submit that its implementation will

considerably lessen the reporting burdens now

required of researchers, will relieve NASA personnel
of certain routine contract coordination functions,

and wilt place the responsibiliD' for the ultimate

success of programs that fall into this category.

where it should be: squarely with the investigator
team.

Mission to Planet Earth. NASA's Mission to

Planet Earth includes the Earth Probes series, the

Earth Observing System (EOS) and the EOS Data

and Infimnation System (EOSDIS) and geostation-
ar?.' platti_rms. The mission promises a major step in

the development of the science and technoloD" of

global remote sensing of our planet. The data that

will be collected in the program arc esscntial for

docmncnting, understanding, and predicting global

change. The enormous benefits of this information

to society require that NASA ensure that the

program is well designed and efficiently managed.

Intcragcncy and international contributions and
cooperation will be key factors in the success of the

program. Data management is of critical impor-

tance, as with most space programs.

NASA planning for EOS as a contributor to the

U.S. Global Change Research Program was re-

viewed by the National Research Council in carl},

1990 and tbund to be generally consistent with the

scientitic requirements of that program. However,
the review also notes several issues that remain to be

addressed. Our Committee emphasizes the impor-

tance of NASA's Earth Probes program, which

includes smaller, precursor missions to EOS and

missions tomplementary to and contemporaneous

with EOS. The Committee also emphasizes the

importance of adequate funding for the evolution

and operation of the EOS data and information

systt'ln.

As regards design of the Earth Observing

System, the Committee supports the concept of

sinmltaneous flight of instruments to address

natural processes occurring on short time scales, and
to facilitale intercalibration and environmental

corrections. This approach leads to the requirement

for a large spacecraft -- which is less costly on a per
instrument basis. NASA has thus proposed two

series of relatively large platforms in polar orbit to

implement EOS over a 1S-year period.

The NRC report mentioned above generally

supports lhc concept ofsimultaneiw for a group of

instrunlcnts, the accompanying need for at least one

large spacecraft, and the general concept of long-

term measurements. But the report also notes that



manyobjectivescouldperhapsbeachievedbetter
and sooner with a series of smaller, independent
satellites. Moreover, the Committee notes that the

perception remains in the scientific community that

the current proposal of a fixed configuration of two

relatively large polar platforms may not be ideal for

answering important questions yet to be clearly

posed. Furthermore, compromises have to be made

when many instruments fly on the same platform,
and failures can lead to massive loss of data. Conti-

nuity and reliability of the data stream also are key

factors for nndcrstanding global change, as is the
considerable contribution of non-U.S. Earth-

observing activities.

The Committee sees no reason to disagree with

the NRC report, and concludes that the design of

EOS must involve a variety of different spacecraft to
meet so complex a set of requirements. In the end,

a combination of different size spacecraft and

surface-based platforms will bc needed. Alternative

approaches should be carefully examined so that the

optimum approach can be selected to meet scientific
objectives with continuity, reliability, and

affordability. Particular diligence will be required to

assure that the complexity of EOS is controlled.

Data from environmental satellites operated by

the NOAA, the Department of Defense and EOSAT

all provide basic environmental information valuable
to the Mission to Planet Earth. NASA's coordina-

tion with these ongoing programs is an essential
clement ofthe civil space program.

The Committee recognizes that NASA's charter

includes the development of new space capabilities,

including remote sensing systems for environmental

monitoring, but notes that NASA's role in the

research and development fi_r operational environ-
mental satellites has diminished in recent years. In

our view, this trend should be reversed. We note

that EOS and other components of Mission to

Planet Earth can serve as a valuable testing ground

fbr pre-opcrational instruments. Thus --

Recommendation 3: That the multi-decade set of

projects known as Mission to Planet Earth be

conducted as a continually evolving program
rather than as a mission whose design is frozen

in time. A combination of different size space-

craft appears to be most appropriate to meet the

needs of simultaneity, accuracy, continuity and
robustness. NASA also should re-establish

research and development in support of environ-

mental satellites to meet NOAA-stated require-

ments. NOAA, for its part, must budget ad-

equately to finance the operational costs of

spacecraft and instruments, as well as related

day-to-day support activities.

The Earth Observing System combines the

characteristics of research and operational missions.

The overall importance of the program to the nation
and its dual character taken together enforce the

need for high-level management attention. More-

over, considering that EOS will be the centerpiece,

at least in terms of resources, for the U.S. Global

Change Research Program, it is essential that the
planning and decision making process encompass the

full range of relevant agencies and the federal
Committee on Earth and Environmental Sciences

(CEES). The large size, broad scope and national

importance of the program also suggest that the

EOS funding be provided as a line item, separate

from other science programs. This overall undertak-

ing demands continued attention at the policy level

by the National Space Council.
The Committee believes that a review of the

decision-making process for Mission to Planet Earth,

including its relation to the U.S. Global Change

Research Program, should bc carried out tbr the

National Space Council by a group from govern

ment, industry and academia, headed by the Direc-
tor of the Office of Science and Technology Policy

(OSTP). The review should consider interagency
aspects, the role of the CEES, and international

dimensions, and make recommendations aimed at

ensuring the success and continuity of the program.

It has been proposed to the Committee that the

current civil operational satellites, including NOAA
environmental satellites and Landsat, could be

operated more efficiently and cost-effectively if
aggregated under a single commercial entity (espe-

cially when considered on a global basis). In this
case, the federal government would access the data it

requires and carry out the needed research and

development, rather than actually operating the
satellites. The international dimension is of clear

interest in that it might bc possible to develop an

international consortium for remote sensing similar
to Intelsat or Inmarsat.

Consequently, the Committee urges that the

National Space Council, together with OSTP and

OMB, undertake a tEasibility study to determine ira

single commercial entity could provide more cost-

effective management for operational environmental

and land remote sensing satellites. The prospects fbr
an international consortiunl should be evaluated.

NASA's experimental Landsat program was

transferred to the Commerce Department in 1983

with the expectation that the operation could be

commercialized profitably. Virtually all parties to

that expectation now agree, and international

experiences vcri_,, that full commercialization of
I,andsat is not feasible for the foreseeable future.
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Moreover, the funding required to sustain the

transfer has been subject to an annual threat of

termination. Action must bc taken to remedy this

problem, or the U.S. shall lose both this important

data and leadership in remote sensing -- the latter

already under serious challcnge.

Mission from Planet Earth. On July 20, 1989,

the 20th Anniversary of the Apollo 11 Moon

landing, Presidcnt Bush proposed that thc nation

commit to a "sustained program of manned explora-

tion of the solar system," thereby initiating what has

come to bc called the Space Exploration Initiative
(SEI). In his remarks, the President recognized the

Apollo program and all those who contributed to it,

but also noted the transient nature of that program

and the nccessi_, not to be constrained to "brief
encounters" in our thturc space exploration activi-

ties. Thus, the Space Exploration Initiative consists

of robotic missions to the Moon and Mars, as well as

the establishment of permanent outposts (not

necessarily continuously inhabited) on the Moon

and, later, human exploration of Mars.

At some point, it will be necessary to set a
specific date for the return to the Moon and, later,

for the initial Mars landing. We believe that such a
date can best be established at some future time.

There is much planning yet to be done, enabling

technologies bc developed, key questions to bc

answered in the area of life sciences, and fimding

constraints to address. The question might then bc
asked: "If there is no timetable for the Mars

landing, why is it necessary to establish a program

and a set of goals at all?" Wc believe the answer is

several-Ibid. First, an), large organization, such as

NASA, generally works best when it has an

ovcrarching and challenging objective to guide its

longterm fi_ture. This provides a fbcus and ratio-

nalc for the large series of otherwise somewhat

disconnected technological efforts which not only
enable the eventual program, but also offer the

resulting developments to all of our nation's space

and non-space activities. Further, the existence of a

long-term and evident goal helps make real the work

of researchers and tcchnoh_gists -- not to mention

helping motivate talented young men and women to

join NASA.

It is possible, of course, to conccivc of a space

program without a long term vision such as the

human exploration of Mars; significant science
would still bc accomplishcd and the Earth's environ
mcnt would still be monitored. But wc would lose

the jewel represented by the vision of a seemingly

unattainable goal, the tcctmologics engendered, and

the motivation provided to our nation's scientists

and engineers, its laboratories and industries, its
students and its citizens. Hence --

Recommendation 4: That the Mission from

Planet Earth be established with the long-term

goal of human exploration of Mars, underpinned
by an effort to produce significant advances in

space transportation and space life sciences.

Recommendation 5: That the Mission from

Planet Earth be configured to an open-ended

schedule, tailored to match the availability of
funds.

To respond to this long-range exploration

challenge, NASA must establish the framework

within which to develop at least six new technology
bases and program elements: (1) a modern eco-

nomical heavy lift launch vchicle; (2) a life sciences

emphasis space station; (3) affordable, evolutionary
interplanctau transportation systems; (4) auto-

mated lunar and Martian exploration; (5) extrater-

restrial resource utilization systems; and (6) reliable

closed loop ecological life support systems. The
planning tbr this undertaking will be a challenge

that will require adequate time and, most important,

outstanding human resources. Later in this report

we suggest that a new position, Associate Adminis

trator fi)r Exploration, be established. This person,

supported by his or her own Conceptual Systems

Design team, should bc responsible for planning,

overseeing and integrating the six new tcchnolob_,
bases and program elements required to carry out
the Mission from Planet Earth. The first task must

bc to prepare an evolutionau,, flexible long-range

plan tidal starts with 21 st Century operations on

Mars and works backward to critical initial steps and

realistic budgets. Immediate attcntion must bc

given to establishing a vigorous new space life

sciences program, and eventually to planning fbr

intcrnati, mal participation in the Mission ti'om
Planet Earth.

Space Station Freedom. Wc have elected to treat

Spacc Station Frcedom as the first stcp in the

Mission ti'om Planct Earth even though it has other
valid uses, such as hands-on extended duration

microgravity research. Thc latter may have impor

rant impact in the area of competitiveness, potcn

tially unlocking new developments in such fields as
materials, electronics and bioscienccs.

Space Station Freedom has now bccn in the

design and development phase for three years and, if

onc includes the concept formulation phases, to,"

eighl years. Approximately $3.6 billion has bccn



expendedontheprojecttodate.Nonetheless,
debatecontinuesoveritsdesignconccptandevenits
basicpurpose.Thishasbeenexacerbatedby
conccrnsoverthe ability of the Spacc Shuttle to

support Space Station Freedom. As of Octobcr,
1990, the basclinc plan for the initial block of Space

Station Freedom required 18 Shuttle launchcs over

roughly a four-year period, plus five logistics

launchcs per ycar once the station is permanently

occupied (five flights prior to the completion of the

initial block).
Aside from its role in life sciences, it does not

appear to the Committee that any manned space

station can be justified based solely upon the science
it enables -- nor has this been claimed in the casc of

Space Station Freedom. Microgravity research is a
significant and promising ficld of'cndcavor, although

of unknown potential. It justifies somc form of

spacc platform for cxperimcntation, but it is not, of

itself, a sufficient justification for a manned space
station.

Likewisc, wc do not find compclling the case

that a space station is needed as a transportation

node for planetary exploration. First, many promis-
ing flight profiles do not appear to require such a

node and, second, if they did, the need in our

judgment is sufficiently far in the future that we

would hardly know today what to ask of such a

terminal today.
On the other hand, the Committee holds the

strong conviction that if the U.S. is to have an}'
significant long-term manned space program, a

space station is the next logical and essential element

of that endeavor. The most significant unknowns

remaining in manned exploration reside in the area

oflitk sciences. A manned, near-Earth laboratory is,
in our judgment, the sensible place to begin address-

ing these crucial questions which sooner or later
must and will be resolved -- by the U.S. or some

other spacefaring nation.

The need fbr the Space Station thus rests

squarely upon lifk sciences experimentation and the
development and verification of long duration space

operating systems. These, together with its uses for

microgravity research and applications are, in our

opinion, a more than sufficient justification for a

space station. A space station is needed specifically

to establish effi:ctive strategies to prevent or mitigate

the debilitating deconditioning effects on humans of

long stays in low gravity fields, and to establish

absolutely reliable and efficient litE support systems
fbr extended human stays in untorgiving, hostile

environments. A space station also can push the
development and verification of durable robotic

systems to monitor, maintain and repair complex

hardware systems in such environments. Finally, a

space station can provide essential experience in the

effective operation of large, technically sophisticated
remote-from-Earth inhabited outposts.

But do these needs demand a space station of

the complexity of Space Station Freedom, particu-

larly given the limitation which has been imposed on
funds for its development? Our answer, reluctantly,

is that they do not. We say reluctantly because one

of the most debilitating diseases a space program can

acquire is a tendency to keep stopping and restarting
in search of the ever elusive ideal solution- and

wc are disinclined to contribute to any such process.
On the other hand, wc concur that a modified

design, along the general lines NASA is now consid-
ering, is mandatory. Thus, we propose --

Recommendation 6: That NASA, in concert with

its international partners, reconfigure and

reschedule the Space Station Freedom with only

two missions in mind: first, life sciences experi-

mentation (including the accrual of operational
experience on very long duration human activi-

ties in space) and, second, microgravity research

and applications. In so doing, steps should be

taken to reduce the station's size and complexity,

permit greater end-to-end testing prior to

launch, reduce transportation requirements,

reduce extra-vehicular assembly and maintenance,
and, where it can be done without affecting

safety, reduce cost. The planned ninety days may
prove an inadequate period of time to conduct so

significant a reassessment. Such time as is

required should be taken.

The Committee bclicvcs that, wherever possible,

integrated systems should be fully tested and verified

on the ground. For example, the habitat and

experimental modules should be tested and verified

in their furnished and operational mode before

launch. Systems that cannot be filly verified in one-
g should be tcstcd and verified on orbit before

permanent human occupancy.

In addition, an assured crew return capability, for

use in an emcrgency must also be operational prior

to permanent human occupancy. Finally, reasonable

margins in wcight, power, crew assembly timc, and

crew maintenance time must be provided.

Although warranting reconfiguration and
probably rcschcduling, the Space Station remains, in

()tit" judgmcnt, the csscntial initial building block of

the manned exploration program.

The next goal for thc manned exploration

program is thc establishment of permanent (al

though not neccssarily continually inhabited)
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outposts on the Moon. This step is needed to learn
how to live and work on thc surface of an alien

planet, but will also provide opportunities for

geological and astronomical research. Particularly

important will be the testing of habitats, closed
ecological life support systems, and remote space-

rated power plants; learning to process and use

indigenous materials; observing the effects of living

in extreme heat, cold and dust in low-gravity fields;

and developing reliable systems to provide radiation
protection and surface mobility tbr humans and

robots through 300 hour-long days and nights.
The Moon's surthce contains rccords of the

ancient bombardment phase of planetary evolution

in the solar system. Its cratcred surface can tell us

much about the Earth during the formative stages of

the atmosphere and oceans. Erosion and plate
tectonics have erased almost all evidence of this era

from our planet. Lunar mineralogy, geochemistry.,

and stratigraphy on the front and tar side of the

Moon, with its diverse lava flows and mass concen-

tratkms, are fertile fields for research in comparative

planetology. The Moon's relationship to the Earth

while our planet was fi)rming may be discernable on

the Moon. Many serendipitous discoveries will
almost certainly be made, perhaps similar to the

finding of meteorites in Antarctica.

While substantial knowledge has been gained

about the Moon and Mars over the history of space

exploration, unknowns still pose questions and
potential risks to intensive human exploration,

unknowns such as the high latitude geography of
the Moon, the concentration of water and useful

minerals in Mars soil, etc. Some robotic reconnais-

sance or prospector missions will nccd to be defined

and executed prior to manned explorations. There

are also life sciences and space physics missions that

may bc necessary. Thus we propose --

Recommendation 7: That technology be pursued

which will enable a permanent, possibly man-

tended outpost to be established on the Moon

for the purposes of exploration and for the

development of the experience base required for
the eventual human exploration of Mars. That

NASA should initiate studies of robotic precur-

sor missions and lunar outposts.

Interplanetary Transpomation. Eventually it will

be necessary to provide afi%rdable transport to the

Moon that can evolve later to extend space flight to

Mars. A NASA sponsored "Synthesis Group" is

currently investigating alternatives tbr these mis-

sions. Candidate conceptual system designs include

automated electric propulsion/aerobraking cargo

carriers, and ,nodular space-based transfer vehiclcs

with hydrogen-oxygen engines and aerobraking

shields. Economical cargo transport beyond Earth

orbit also is in prospect using low thrust, high

specific impulse solar or nuclear thermal propulsion
systems - with the propulsion-energy generators

adding to the useful delivered payloads.

Exploration Buses. The lunar program will be

needed to gain experience in establishing and

operating bases on remote bodies and to eventually
understand how to live and work on the surface of

an alien planet. Lunar and Martian habitation will

also call fbr improved space suits; solar and nuclear

electric generators in the 10 to 100 megawatt range;
decentralized computers; automated plants to

process indigenous materials; robotic construction

machinc_,; and transportation and communication

fhcilitics. I,unar base prototype systems should be
designed tbr adaptability to Martian conditions.

Closed Loop Ecological Life Support. New, closed

ecological lift: support systems (CEI,SS) will be

necessary to sustain people living in extra-terrestrial

bascs. Air and water must be recycled, and nourish-

ing f'ood produced within automated closed-cycle
support systems. Air and water recycling is relatively

straightti-,rward, but little is known about construct-

ing reliable biospheres that can be depended upon

fi)r conti,mous automated production of tbod and

organic materials, and the removal of toxins and
contaminants. This is an excellent field for US-

USSR cooperative effort involving multi-disciplinary

government and university laboratories. Of all the

critical elements [br long duration space flight,
closed ecological systems remain among the least

understood, and the most challenging.

Space Technology. Unlike research, which seeks

new knowledge, technology is concerned with the

application of that knowledge to useful purposes.

The development of advanced technology, is thus

crucial t{, the success of the exploration and exploi

tatkm of space -- whether human or robotic. Since

NASA is a major consumer of space products, NASA

bears part of the responsibility to assure the viability
of the technology base upon which to build the
missions of the future.

The serious technological challenge for NASA

at the present time does not relate to issues of

invention or creativity, but rather to the difficult

sequence of taking an invention and turning it into

an engineered component, testing its suitability in
space; and then incorporating it into a spacecraft

system. In its early years, NASA managed this



"technologyinsertion"phaseparticularlywell.But
thereisawidely held opinion that although NASA
continues to do excellent research, both in its

centers and in its affiliated universities, the results of
this work are not being efficiently transferred into

applications -- a fault, it must be said, that is shared

with U.S. industry at large. A prime responsibility of
the NASA technology development activity must be

to bridge the gap between technology concepts and

application to space practice. Prototype develop-

ments can be particularly important in this regard.
Unfortunately, NASA has not been permitted to

sustain an adequate level-of-effort program in space

technology due in recent years to externally imposed
budget reductions (Figure 8). We believe that this is

a consequence of a lack of appreciation of the key

role that technology development plays in enabling

future missions, reducing future systems' costs and

increasing America's competitiveness. It has, of
course, been suggested from time to time that the

budget for these activities is not spent effectively.

Moreover, since most of the funding is expended
within NASA, the university or industry constitu-

ency to provide political support for the program is
limited. Both of these concerns can be alleviated if

technology development programs are made

competitive, such that they involve the best talent

fi_lcYe 8
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wherever it may reside -- including in other govern-

ment agencies where appropriate. In any event, this
under investing trend must be reversed. If the

nation is to successfully undertake challenging space
initiatives in the future, we must reestablish our

technology base today.

Among the more critical technology topics that

must be pursued are propulsion and aerodynamics

including flight evaluations, advanced rocket engines
that do not detrimentally impact our environment,

aerobraking for orbital transfer, long duration closed

ecosystems and life support systems, nuclear-electric

space power, space tethers and artificial gravity,

automation and robotics, information management
systems, sensors, electric power generation,

radiation protection and materials and in-space
materials processing.

Technology development can be considered in

three phases, each of which warrants attention. The

first is advanced and/or generic technology that may
have broad applicability, such as innovations in data

management and storage. The second is technology

tied to specific programs, such as nuclear propulsion
for the exploration program. The third consists of

flight qualification of new technology. Each of these

aspects needs to be handled in a different manner.

In particular, we believe that technology which

may have generic applicability should be developed
under the auspices of" the Associate Administrator

responsible for advanced technology. The accompa-
nying planning effort should inw)lve other appropri-

ate Associate Administrators having responsibilities
for major future missions. These concerns lead

us to --

Recommendation 8: That NASA, in concert with

the Office of Management and Budget and

appropriate Congressional committees, establish

an augmented and reasonably stable share of

NASA's total budget that is allocated to ad-

vanced technology development. A two- to
three-fold enhancement of the current modest

budget seems not unreasonable. In addition, we

recommend that an agency-wide technology plan
be developed with inputs from the Associate

Administrators responsible for the major devel-
opment programs, and that NASA utilize an

expert, outside review process, managed from
headquarters, to assist in the allocation of

technology funds.

On a related issue, the Committee is particularly

concerned over the low priority that has bccn given

to the development of the life support technologies,

and to the fundamental medical aspects of long

duration space flight by humans. The scientific
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community and NASA arc now in substantial

agreement as to the steps that must to be taken to

redress this shortcoming. However, responsibility,

for the conduct of research on these issues, which

could affect the fundamental feasibility of space

exploration by humans, currently is split between the

Office of Space Science and Applications and the

Office of Aeronautics, Exploration and Technology

-- as well as between two principal centers and

several supporting centers. Such fragmentation is

debilitating to what should be an urgent and

tbcused research and development program. All

flight-related life sciences research that is pursued

should be considered technology development, and

treated as such within the NASA organizational

structure.

The Associate Administrator tor Exploration

suggested later should be given the authority and

responsibility for space human biology activities.

Further, we advise that work in this important area

be consolidated as thr as possible into a single center,

with research being contracted on a competitive

basis wherever feasible.

Space Infrastructure

Space Transportation Systems. The most fundamen-

tal building block without which there can be no

future space program is the transportation system

which provides our access to space. All spacecraft

and mission architectures arc constrained by the

characteristics of the vehicles that lift them into

orbit. When things are going well in space trans-

portation, the space program seems to flourish;

when space transportation is troubled, the entire

space program languishes and any other error

seemingly is magnified.

The Committee finds that the most significant

deficiency' in the nation's future civil space program

is an insufficiency of reliable, flexible and efficient

space launch capability. The nation now needs to

move ahead and attain a more robust launch

capability.

Ahmg with its impressive and unique capabili-

ties, thc Space Shuttle has shown itself to i_e a

complex system that is expensive to operate and

whose emergence from devclopmcntal status has

not vet taken place (Figure 9). The presence of the

crew adds to its cost and perceived risk. The

combination of these factors drives manpowcr

requirements up, complicates payload design, and

brings about the high cost of its operation (Figurc

10). Planned mission frequencies which are realistic

and achievable are considered by the Committee to

be essential to cost containment.

The nation is at a critical juncture as we look

ahead to consider how future space endeavors will

bc influenced and limited by what we decidc now

about Earth to orbit transportation. There is

general agreement in all recent space transportation

studies (c g., the Defense Science Board and the

Figltre 9

Shuttle Launch Operations Planning and Realization
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NASA Advisory Council studies) that the nation

needs a new heavy lift launch capability, but no

implementing decision has resulted. These reports,

combined with our concern about the heavy depen-

dence tlpon the Shuttle, point to the unalterable

need fbr the initiation of a major national effort to

develop a new launch system that can provide a

flexible heavy lift capacity. Not only will an evolving

space station need heavy lift support, but other

missions also will benefit from reduced dependence
upon the Space Shuttle.

The first goal for a new Expendable Launch

Vehicle (ELV) system should be to augment support

of the Space Station. While the Shuttle might carry

out some early Space Station deployment, alternative

transportation should significantly reduce the cost

and risk of that program. The time to make a
commitment to this end is now, fi)r the longer the

nation delays the building of a new launch system,

the greater is the risk that it will embark upon a

space station and a subsequent manned exploration

program that eventually could prove unsupportable.

There is a range of choices available for a heavy

lift vehicle (circa 150,000 pounds to near-Earth

orbit). One candidate would be some form of a

Space Shuttle derived EIN, but there are others. At

the extremes, a dilemma lies in choosing between

starting thc heavy lif_ system design from a "clean

sheet," or selecting a design closely related to the

current Shuttle (e.g., a Shuttle C). The latter

provides an earlier capability with less initial cost, but

the former provides an opportunity for the revolu-

tionary design of a completely new launch system

incorporating up-to-date propulsion and support

system technology. Assessment of the economics,

the lack of firm Department of Defense require
ments, the need to further define hmar/Mars

payloads, the status of advanced launch system

technologies, and long propulsion lead times are all

important considerations as the choices are weighed.

On balance, the Committee concludes that the

prudent choice -- with an eye toward both the

Space Station and the long view -- is an approach

that begins with a new ELV system that meets the

following criteria:

• Operational capability must be achieved in time to

support at least the latter stages of Space Station
deployment and relieve its Shuttle dependence as
soon as feasible.

• Launch support manpower must be reduced.

• Provision should be made for updating with new
components as they become available from the

joint NASADOD Advanced Launch System

(ALS) technolog2¢ development. In particular, the

Space Transportation Main Engine should be

introduced into the new launch system at the
earliest appropriate time.

This should be the first phase of a continuing

eftort to upgradc Earth-to-orbit transportation.

Some time hence, furthcr advancements in lift

capability can be achieved when justified by require-

ments and technical developments. In particular,

this sccond phase should involve ongoing application

of technologies developed in the ALS program, and
should lead to the design of an advanced launch

vchicle and support system of cnhanced efficiency

and reliability.
The Committee bclicves that thc U.S. should

not plan to depend on any forcign launch capability

(such as the Soviet Encrgia, as some have proposcd)

to support critical U.S. space programs.

The following summarize our conclusions with
respect to launch capability --

Recommendation 9: That the Administration

promptly establish and fund a firm program for

development of an evolutionary, unmanned but

man-rateable, heavy lift launch vehicle. This

system should reach operational capability in

time to support all but the initial phase of the

Space Station deployment.

NASA and the Air Force should continue a

vigorous Advanced I,aunch System tcchnolog T

program to support both near-term and fi)llow-on
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heavy lift requirements. Highest priority in the

launch vehicle technology effort should be assigned

to the Space Transportation Main Engine (STME).
Once a better definition of the lunar and Mars

architecture and mission requirements is established,

this advanced technolo_, can be infused into a new

vehicle design.

In the meantime, because of continued depen-

dence upon the Space Shuttle, NASA should execute

its plan to enhance thc reliability, and safety of this
vehicle and to reduce hunch costs. The examination

already underway of the launch preparation process
should be pursued with vigor. Consideration should

be given to the possibility that a stable flight rate

planning factor including greater margins might, of

itself, facilitate the implementation of cost (man-

power) savings.
The issue has arisen as to whether NASA should

procure another Space Shuttle Orbiter to provide a
more robust five-vehicle fleet. The Committee does

not support such a procurement at this time. The

Committee appreciates that we may lose another

orbiter before the proposed new unmanned heavy

lift launch vehicle is completely developed, and that

this would once again rcsu}t in a fleet of only three

operational Space Shuttles, as has been the case since
1986. But, as of the present, we conclude that any

decision to procure another orbitcr should be

deferred and funding |br the unmanned launch

vehicle given priority. In the meantime, the current

NASA practice of procuring structural spares should
continue in support of the existing Space Shuttle
fleet.

Recommendation I0: The Committee recom-

mends that the procurement of an additional

Space Shuttle orbiter, for a five-orbiter fleer

operation, not be undertaken at this time, but

spares procurement should continue. If an

orbiter is lost in the relatively near future, the
decision on whether to procure another orbiter

should be made in the context of the availability

of the new heavy lift launch vehicle and the

demands on the remaining orbiter fleet.

Alternate Personnel Transportation. The emer-

gency recovery capability now planned for the Space

Station is essential. However, with the exception of

the crew recovery system, plans do not now call Ibr a

fully redundant personnel transportation capability

to assure that manned activity can continue if the

Space Shuttle is grounded tbr an extended period.

In light of this situation, the Committee believes a

rescue vehicle should be designed and, as a contin-

gency, provision made |br expedited development of

a two-way transportation capability on a man-

rateable ELV for use in the event of a Space Shuttle

stand-down. Although full two-way capability may

be neither attbrdable nor practical in the near-term,

design and dcvelopment of an emergency recovc U

system can protect an option for later expansion to

provide a two-way capability on an expedited basis.
This or some other approach to a redundant

personnel transportation, to which NASA could

turn in the circumstance posed, is regarded as

worthy of attention.

Recommendaffon I1: That NASA initiate design

effort so that manned acdvity in the Space
Station could be supported in the absence of the

Space Shuttle. Crew recovery capability must be

available immediately, and provision made for
the relatively rapid introduction of a two-way

personnel transport module on a selected ex-
pendable launch vehicle.

National Aero Space Plane (NASP). It would be

premature at this point to expect the NASP to play a

contributing operational role in Space Station or

other orbital support missions fbr the next 15 to 20

years. Nevertheless, the long-term potential for this

unique combination of acrospacc tcchnologies could

bc significant. Use of the hypersonic air-breathing

propulsion technique for acceleration of space
qualified vehicles as an upper stage from high

subsonic to orbital velocities offers altogether ncw

capabilities. Once in orbit, such platforms might

dip into the atmosphere and use their aerodynamic

properties to generate an orbital plane change, then

be boosted back into orbit by the scramjet engine

using the atmosphere to supply the needed oxygen.

In spite of the NASP's long-term potential, the
Committee generally endorses the view of the

Defense Science Board which, in March, 1990,

suggested that, at least in the foreseeable future, the

NASP's single stage-to-orbit concept may have

been over emphasized. The more important aspect

of this program is its development of air-breathing

hypersonic propulsion capability.

Even so, the relatively modest expenditures

needed to move the NASP initiative briskly

forward towards a technology demonstration
flight program with an X-vehicle are worthwhile,

given the potential for a major breakthrough
capability. This is exactly the kind of revolution-

ary program NASA should undertake, although

wc do not assign it high schedule urgency.



Management

We believe that the management hierarchy of
the Civil Space Program, within the Executive

Branch should be: the National Space Council, to

provide policy direction; NASA headquarters, to

provide executive management; project offices to
provide specific project direction; and centers to

offer day-to day program implementation and

supervision of supporting contractors from the
private sector and academia.

Various models were examined by the Commit-

tee whereby major responsibilities might be shifted

from NASA to other organizations, somewhat along

the lmcs of the Department of Defense's Strategic

Defense Initiative Organization, government

corporations, the Department of Energy Laborato
ries, etc. With the possible exception of the ex-

panded use of Federally Funded Contract Research

and Development Centers, discussed later, the
Committee believes that such action would bc

counterproductive. The fact is that NASA remains

the world's greatest repository of space knowledge
and experience. Thus, eflbrts should be devoted to

its improvement, not its dismemberment. The
Committee concludes --

That NASA should continue to be the nation's

principal agent for carrying out its civil space

program, under policy guidance from the Space

Council, and drawing as appropriate on other

government resources and the capabilities of the
private sector and academia.

External Oversight. No examination of civil space
management issues can consider NASA in isolation,

because numerous interfaces exist with other parts

of the government, man), of which, by law, enable

policy direction, funding, management constraints
and oversight. Much of this infrastructure has

existed since the formation of NASA, including
legislative oversight and the existence of a National

Space Council, originally mandated by the National

Aeronautics and Space Act of 1958. But 30 years of

executive and legislative change have taken their toll

on the smoothness of many of these interfaces.

In the heady days of the early space program,

with its emphasis on catching and surpassing the
Soviet space program, NASA was afforded extraordi-

nary latitude by the Congress. Exceptions were

made to thc generally applicable civil service regula-

tions to permit NASA to attract and retain the very,
best of the nation's technical talent. Financial and

budgetary controls were designed to give the

Administrator the flexibility to operate fast-moving

programs, e.g., "no-year" funding. Similarly, the

agency was granted important powers fbr procure-
mcnt, unfettered by such later controls as, for

example, the act which now places stringent con-

straints on the agency's ability to acquire computer
systems.

Executive Branch. Over the years, policy guidance
to NASA, and the integration of NASA activities

with other technological, scientific, political and

national security responsibilities of the U.S. govern-

ment, have been accomplished in a variety of ways.
The management process has now come full circle --

to a new National Space Council, re-enacted in 1988

and implemented by Executive Order on 1 March
1989. Prior to the establishment of this new

Council, the policy generation mechanism was a

combination of a Senior Interagency Group (SIG-

Space) and a working group of the Economic Policy
Council -- an arrangement that most considered

unsatisfactory.

Various ad hoc groups have wrestled with the

matter of setting space policy. One of the more

thoughtful recent analyses was conducted by the
Center for Strategic and International Studies. This
study recommended that the NASA Administrator

also serve as Director of Civil Space (DCS--some-

what equivalent to the Director of Central Intelli-

gencc (DCI) in the intelligence community). While

implementation of this proposal would not change
the role of the Space Council, it would accentuate
the important role the head of NASA could and

should perform in assisting with the establishment of

overall policy, coordinating vital national security
interlaces, and integrating all civil space activities

(Figure 11). This arrangement recognizes that

virtually no governmental civil space pursuit can

succeed without the support and participation of
NASA, but it also recognizes the importance of

coordination with the space endeaw)rs of other

government agencies. Indeed, as applications of
space capabilities increasc, coordination will become
more and more essential.

Although the "DCS concept" has many attrac-
tive aspects, we do not believe that it has received

sufficient scrutiny to warrant endorsement at this

time. Instead, we propose it for consideration by the

Vice President in his role as Chairman of the Space
Council.

We are also persuaded that the membership of
the Space Council, as provided for in the Executive

Order of 20 April 1989, is sufficiently large that its
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treatment of many relatively routine issues could be

facilitated by the establishment of an executive
committee. Hence--

Recommendation 12: That a Space Council

Executive Committee, chaired by the Vice

President and consisting of the Administrator of

NASA, the Directors of the Office of Manage-

ment and Budget and the Office of Science and

Technology Policy, the Secretary of Defense and
the Director of Central Intelligence, be institu-

tionalized. Other Space Council principals

should participate in the Space Ex-Comm

meetings when appropriate, at the invitation of
the Chairman. Major issues would continue to

be addressed by the Space Council as a whole.

The Committee notes also that, because of the

increasing potential fbr contributions by NASA to
America's economic competitiveness, it may bc

appropriate fbr the Administrator of NASA to serve

Figure 11

U.S. Civil Space Program

Budget Allocation

NASA (97.1%)

as a mcmbcr (or ex-officio member) of The

Prcsidcnt's (kmncil on Competitiveness.

Legislative Branch. The Committee believes that

space program planning and execution could

benefit to a significant degree by refinements in

Congressional operations related to program

approval, resource allocation and oversight. The

evident nccd for greater program stability could bc
furthered by more comprehensive Congressional

debate backed by more accurate programmatic

intbrmation (especially cost) prior to the time

significant commitments are made -- and then

greater diligence, absent substantive programmatic

changes, to prcscrving planncd funding profiles.
Such intensified initial cxamination should tocus on

the specific justification fbr objectives, affordability,

timing, implementation policies and technical risks.

Congress should demand darification of any
proposal or element considered inadequately
dctincd and substantiated, and also devote attention

to ,_pti, ms and alternatives.
Wc believe NASA should develop a 10ycar plan

to provide Congress with sufficient information on

objcctixcs and implementation approachcs to pcrmit
sound initial budget dccisions. Most importantly,

this plan should provide cost information, based on

straightforward and understandable assumptions,

including the costs of dcvelopment, launch and

operations.
Once a program is approvcd, howevcr, the

Congress can and should help providc program

stability through consistent and adequate funding.

The succcssfifl management of muhi-ycar dcvclop

mcnt programs is extremely sensitive to this conti

nuity. Thus, wc strongly endorse the use of muhi

year funding and "no-year" appropriations when

ever appropriate, to provide program stability and
reduce c(_sts.
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Intcruat Mtanagement. The Committee recognizes

NASA's past effectiveness in mobilizing govern-

mcnt academia-industry teams to achieve a remark-

able set of accomplishments over more than three

decades. NASA also has bccn responsive to a
considerable flow ofcxtcrnal recommendations,

some of which wcrc precipitated by rcvicws follow

ing thc (;hallcngcr accident. With the implementa-
tion of recommended "recovery" steps now substan-

tially completed, however, the Committee has

viewed its primary responsibility as that of identitY'

ing opportunities that will strengthen NASA's

management capabilities for the future.

The (iommittee strongly believcs that the

internal management structure of NASA is best

determined by those having the uhimate responsp



bilityfortheAgency's performance. Thcreibre, we
do not offer firm recommendations in this area.

Nevertheless, there are a number of observations

that wc consider worthy of serious consideration by

NASA management, and these are offered below.

Headquarters Functions.

Systems Concepts and Analysis. The Administrator

and his senior staff have an increasing need for the

provision of both policy formation support and

independent analyses, not only in the formulativc
stages of programs but also as an ongoing review

ftmction. Increasingly there will be issues that cut

across organizational and programmatic boundaries.

Thus, particularly in the early conceptual phases of

programs, there will be an increased need fi_r

systematic reviews of requirements and benefits.

The analysis fimction proposed below should

provide the Administrator with independent exper-

tise to generate and assess alternative approaches to
program objcctives, and to balance these objectives

against overall national goals. The existence of this

group of perhaps some 30 highly qualified individu-

als should also stimulate improved planning and

program coherence throughout the agency.

It will be difficult to recruit this senior systems

engineering and analysis capability entircly from

within NASA given the constraints on personnel
transfers, and almost impossible to recruit it from
outside of NASA duc to the constraints of current

civil service salary regulations. Accordingly, we

propose --

That a Systems Concepts and Analysis Group be

formed in the NASA headquarters to serve the
Administrator. This group would consist of a

small, elite civil service staff supplemented by a

new or existing Federally Funded Research and

Development Center (FFRDC). (Item A.)

Such a center could possibly be affiliated with a

university, or not for-profit institution but an

industrial affiliation would not be appropriate under
most circumstances. The practices of the Depart

mcnt of Dcfi:nsc in using such centers should bc
considered.

Independent Cost Analysis. NASA as well as other

agencies of the govcrnmcnt have bccn embarrassed
from time to time by less than accurate estimates of

project costs. The causes are well understood, and

includc program initiation bcforc enabling technol-

ogy is proven, overselling on the part of program
advocates, both in government and industry, and

failure to include all costs when evaluating a pro-

gram. With programs becoming ever more costly

and complex, it now appears to bc an appropriate

time for the Administrator to have access to a highly

skilled and independent cost estimating and analysis

capability. Again, top-notch specialized personnel
will be required, perhaps 20 in number, but in this

case recruitment should not be inordinately difficult.

However, this group must be capablc of utilizing

modern approaches t_)r assessing the costs of complex
advanced technology systems manuf_actured under a

variety of management and business strategies. In

short, wc suggest --

That an independent cost analysis group be
formed to serve the Administrator and the

Administrator's staff. This group should be

charged with the responsibility of providing to
the Administrator a recommendation on all

significant cost estimates provided to the Con-
gress or to the Office of Management and Bud-

get. Their cost estimating procedures should

include contingency analysis techniques.
(Item B.)

Exploration. Exploration of the solar system, using
both unmanned and manned systems, has bccn and
will continue to be a core mission of NASA. Since

the nation's first extra-terrestrial probe, Pioneer IVin

1989, expk)ration activities have been distributed
across various NASA Associate Administrators

(Science, Manned Space Flight, etc.) While achiev-
ing great success in lunar and planetaD, exploration,

we continue to encounter uncertainties regarding the

appropriate use of manned vs. robotic exploration,

and the legitimacy of science as a rationale tbr

exploration. In reality., exploration will be a con-

tinuum of robotic missions preceding the presence of

man, and science will continue to be a strong
rationale for exploration -- but certainly not the

only motivation. For these reasons, wc believe it is

time to consolidate the exploration activities of the

agency under a single Associate Administrator. We

propose, therefbrc --

That an Associate Administrator for Exploration

be established with responsibility for both
robotic and manned exploration of the Moon

and Mars, the humans-in-space portion of life
sciences studies, and technological foundations

for manned and unmanned exploration of the

Moon and Mars. (Item C.)

,Space Station. The Report of the NASA Managc-

mcnt Study Group in 1986 recommended that the

Space Shuttle and the Space Station be placed under

a single Associate Administrat_)r. This was accom

plished in thc Office of Space Flight. The rationale
fbr this recommendation was the perceived close

Report of the

Advisorw

Committee

on the

Future of the

U.S. Space

Proara m

37



Rcport qf thc

Adlff._nr'v

( 'o m m itte'c

on the

Future" of the

U.X Space

I'rqtIram

38

interdependence between the Space Shuttle and the
Space Station. We havc concluded that it is time to

reassess that decision. Together, these two programs

represent 47 percent of the 1991 NASA budget, but

they arc in very diflisrent phases of their program liti:

cycle, demand different management skills, and

impose different pressures for attcntion upon

management. Furthermore, while there are indeed

important interl)ces between the two programs, the

reconfiguration of the Space Station should ensure

that these interlaces become relatively more straight
tbrward.

As will be noted in the next section, we suggest
that operations be separated from development.

Accordingly, wc propose that the Space Station

program be grouped with other space flight devclop-
ments such as the Advanccd Solid Rocket Motor

(ASRM), the Alternate Crew Recovery System

(ACRS) and the development of a new heavy lift

launch vehicle. With regard to Space Station mission

requircments, we suggest that the Associate Admin-

istrator tbr Exploration serve as tbcal point. Thus, it

is proposed --

That the Space Station and other space flight

development programs report to a NASA Associ-

ate Administrator for Space Flight Development.

(Item D.)

Space Flight Operations. The conduct of civil space

flight operations, and the dominant role of the Space

Shuttle, was raised continually during our delibera-

tions by knowlcdgcable individuals and groups with

strong interest in NASA and the national space

program. Their comments frequently referred to the

consuming effect this responsibility can have on

NASA's senior management, limitmg the time

available tbr the planning and direction of leading-

edge technological developments. A belief also was
expressed that the merging of operations into a

largely developmental organization does not fi)stcr

the building of a professional operations cadre which

can best manage this vital responsibility. Solutions

proposed for this dilemma included the transfer of

Spacc Shuttle operations to some to-be-determined

"other govcmment agcncy," such as a quasi-

government corporation, or to the private sector.

A clear statement of the problem appears in a

1988 National Academy of Public Administration

report entitled, "Effectiveness of NASA Headquar
tcrs", as tbllows: "We have.., concluded that the

term "opcrational" as applied to commcrcial aircraft,

to ships, or to mass-produced articlcs of defense will

most likely never apply to spacc systems in that same

context. What we do scc, howcvcr, are large,

complex space systems such as the Shuttle and the

Space Station that are or will be largely driven by

opcrati< real issues -- turnaround time between

flights, manifi:sting, retrofitting of design changes

for satbty, cost or payload capability' purposes,
logistics, training of basic and science crew mem-
bers, and so on. These are not the basic work of

research and development leading to new concepts

and ideas for future space systems, nor for expand

ing knowledge of the universe and discerning the

implications ot'that knowledge/br life on this planet

or elsewhere." The report goes on to recommend

an organizational separation, from the top of the

agency down, on the two matters of space flight

operations and space system development.

Wc endorse this approach, including the estab-

lishment of an Associate Administrator tbr Space

Flight Operations. The responsibility of this indi-

vidual should include Space Shuttle operations, ELV

operations, and the Tracking and Data Systems

organization. This Associate Administrator should

have the institutional responsibility for injecting
operational requirements into new programs to

assurc that they can be effectively operated over their

lifetirnes at reasonable cost. At the appropriate time,

the responsibility for Space Station operations would

also bc assigned to this office. It is thus proposed

That an Associate Administrator for Space Flight

Operations be established whose responsibilities

initially would include Space Shuttle operations,

existing ELV operations, and tracking and data

functions. Prior to implementing any such
change, a detailed transition plan should be

prepared and afforded full safety review and

approval. (Item E.)

(;urrent and possible headquarters organiza-

ti,mal alignments are summarized in Figures 12 and
13.

,_huttle Operations. Management mechanisms now
used to bring senior supervision and discipline to

bear on Space Shuttle operations reflect the special
emphasis that this has received in the last flew ,,,cars.

Although occasional launch delays still occur, a

pr,,ccss appears to be in place which surthces
concerns and resolves them. On the other hand, the

Shuttlc launch operation has evolved into a relatively

slow and deliberate process, and we conclude that
the laborious and labor intensive methods now

emphq'cd may become a limiting factor in achieving

the planned flight rates. Further, it is not likclv that

the Space Shuttle will ever emerge from the inher-

ently cxpcnsive quasi developmental stage unless

responsibility is eventually moved from a develop-

mcnt oriented center to the operationally oriented

Kennedy Space Center (KSC). Such a move would
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appear logical since maturation of Space Shuttle

operations drivcs the tbcus of program activities

toward KSC as flight rates increase. This transfer of
support responsibilit T to KS(; should include the
concentration and centralization of as much of thc

program management from other locations as is

feasible, including from headquarters.

Such a major move should bc carefully imple-

mcnted only when a reasonable and regular flight

rate has been re established, but the Committee is

persuaded that now is the timc to begin planning the

process. The ultimate goal should be a safe opera-

tion, performed as efficiently and routinely as its

complexity, permits, and not burdened by cxcessive
layers of management that arc the legacy of the

development era and recovery from thc Challenger

accident. Particular attention must be paid to

management accountabiliD, at each stage of the
transfer process. We conclude that --

NASA should begin the deliberate process of

planning for the transition of the Space Shuttle

from development to a more nearly operational
status at Kennedy Space Center with continuing

technical support from other centers, and with

appropriate certification of safety considerations

at each step of the transfer process. (Item F.)

Project Management. Therc is general agreement

that projects should be assigned to, and largely

perfi)rmed by, a single center whenever possible.

Nevertheless, there will always be some projects that
demand assignment to more than onc center because

of the size of the projects and the necessity to draw

on diverse expertise.
NASA has tried various approachcs to this

management challenge, ranging from headquarters

project management to several forms of lead center
arrangements. Wc submit, however, that day-to-day

project management should not be performed from

headquarters. It is not a natural fimction for any

headquarters organization; pcople arc not, and

should not, be prcscnt within a headquarters in

adequate numbers to staff st,oh a function; the

hcadquarters skill mix is inappropriatc to project

management; and thc attempt to perform day-to day

project managcmcnt undermines the critical over-

sight role that is a proper function of a headquarters
staff.

Instead, wc propose --

That NASA adopt as standard for the manage-

ment of multi-center programs, a headquarters

project manager and staff located at or near the

"Primary Center" involved in the undertaking. A

key attribute of such a project office would be

its systems engineering capability. (Item G.)

This approach will prcservc the integrity of the

headqt, aners supervisory function while providing

the projcct manager with the technical, administra

tire, and systems engineering support he or she will

require.

Center MaJmgemenr As NASA evolved during the

decadc of thc 1960s, the missions of each center

were relatively crisp and their rcspcctive capabilities

developed into centers of excellcncc. To a large
extent, these roles still exist and in many cases

centers ofcxccllcnce still prevail. But the focus has

bccomc somewhat blurred, for rcasons that arc

generally _cll understood. With the phase-down

tbllowing Apollo, several centers found their future

prospects greatly diminished and sought additional

work that could kccp their talcntcd staflk cmployed.

As significant competence built up across centers in
a variety of fields, diversification was sometimes

even cncouraged by headquartcrs program manag-
ers seeking competition bctwccn centers fi)r new
w(}rk.

The issue m this case is whcthcr center responsi-

bil W overlap is appropriatc in disciplines such as

astrophysics, Earth sciences, microgravity and lift:
sciences. The answer is no. Such divcrsification is

inimical to a vigorous agency moving into ncw areas

of spacc exploration. Each elcment of diversifica-

tion requires additional (scarcc) knowledgcable

managcmcnt, facilities and funding, and rcprcscnts
a co/-i-csp(mdmg diversion from the center's core
mission ltencc

Recommendation 13 : That NASA management
review the mission of each center and consoli-

date and refocus centers of excellence in cur-

rently relevant fields of science and technology

with minimum overlap between centers. An

appropriate balance between in-house and

external activity also should be developed.

Internal/External Division of Labor. Over the

years, NASA has devcloped a characteristic manage-
ment style in the conduct of its rcscarch and

development activities. Its approach was originally

nurtured by the groups from which NASA was

tin'reed (primarily the NACA centers and Army

space activities) and was institutionalized during

NASA's first dccadc, when cxtcrnal space expertise

hardly cxistcd, and an aerospace industry had vct to

be dcxcioped from airframe companies, their

suppliers, and a nascent electronics industry. A



supportiveacademicinfrastructurealsohadyetto
begenerated.In thisperiod, it was necessaq, for

NASA to perform a great deal of work in-house,

and to provide a substantial degree of oversight to

the newly fbrmed "space-industrial-academic

complex."
We believe that it is time to reconsidcr this

management style, and to identify improvements

that arc relevant and necessary as the civil space

program enters the next dccade of research, dcvcl-

opmcnt and exploration. Clearly, one ve D, impor-

tant advantage of NASA's approach is the existence
ofa staffwith the ability to "buy smart" by virtue of

hands-on experience. But the environment has

changed. There is now a large and experienced

space-academic community, and an industrial base

whose skills are broad and deep. The Department

of Defense sponsored National Security Space

Program is almost twicc the sizc of NASA's pro-

gram, but operates with only limited imhousc

laboratory support, and there is now an infant but

developing commercial space industD'.
NASA's civil service complement has remained

relatively constant since the Apollo tail-off: On the

other hand, in rccent years this staff" has been

considerably augmented by the use ofstnpport

service contractors (Figures 14 and 15). Issues that
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warrant considcration in this regard include: (1)

What is an appropriate division of responsibilities
between government and support contractor

personnel?; and (2) Is such an organizational

structure appropriate for NASA's emerging future

responsibilities? Management'sreassessmcnt of this

situation should recognize that some "hands-on"

work must be retained as an important part of each

center's responsibility. Legitimate functions include

the mandate to push the frontiers of space science

and tcchnology continuously fbrward, as well as to

train the future managers of large, complex space
systems. But this should not be taken to mean that

NASA must continue a substantial ef}brt in ever3,

space-related field. Rather, NASA should focus its

hands-on activities on the relevant emerging and

strategic technologies, on tasks not able to be

readily pursued elsewhere, and on the oversight of
its contractors.

Turning to issues related to procurement,

NASA, the national securiB, organizations and

various commercial entities all use different ap
proachcs to the conduct of this function. No single

approach is correct for all situations. The Commit-

tee has noted, however, marked diflkrenccs with

respect to the staffing of the procurement operation

within NASA. For instance, a typical national

security space system will bc managed by a program

office of'some 30 to 50 people augmented with

either a Fcdcrally Funded Research and Develop

ment Center (FFRDC), a systems integration
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contractor tbr technical and systems engineering

support, or a prime contractor from industry.

NASA, (mthc other hand, typically utilizes a

corresponding wogram otticc which rclics on center

laboratories fbr technical support. In general, many

more people are involvcd m NASA's approach, and
certainly more government people. NASA technical

staff members have remarked that contract oversight

duties now consunle a disproportionate amount of

their time; time that they believe would be more

beneficially dew)ted to hands-on work. Some
centers address this concern by instituting a career

branch point at which an cxpericnccd cnginecr or

scientist can choose between remaining at the
"bench," or becoming more involved with manage-

ment. This approach helps assure a continuum of

"smart buyers." However, we believe that

NASA should concentrate its "hands-on"

expertise in those areas unique to its mission,
and avoid the excessive diversion of technical or

mission specialists to functions which could be

performed elsewhere. Contract monitoring is

best accomplished by a cadre of professional

systems managers with appropriate experience.

Increased use of performance requirements,

rather than design specifications, will further
increase the effectiveness of this approach.

(Item H.)

Procurement Policy. The critical issue of fiederal

procurement policy has been addrcsscd repeatedly

by numerous panels and commissions fi)r at least a

qtlarter oft ccnttlry. The Committee conch/des
that wcrc the tindings of thcsc past reports to bc

implemented, a sufficient basis would bc provided

for improving the procurement svstcm, t ]CUCC, n()

thrthcr detailed recommendations arc made here.

Worthy of note, however, is the thct that since

1965, morc than 60 new procurcmcnt-rclatcd

public laws have bccn enacted. In addition, 25

Executive Orders, 1b Oilice of Management and

Budgct Circulars, and 24 Office of Federal Procure-
ment Policy 1,cttcrs have bccn issued, all of which

affect the procurement process directly.

With fi:w exceptions, none of these laws, orders

or circulars distingt, ishes between the procurement

of routine housekeeping or office supplies and state

of-the-art technology, hardware, or services. AI

though it was not within the scope of thc (2ommit

tee to judge the merits of these regulations, we were

repeatedly advised that their cumulative ett_:ct was to

lengthen, complicate and increase costs associated

with the procurement process. Wc also noted

numerous instances where direction, reports and
limitations wcrc included in annual authorization

and appropriation acts that targeted the procure-

ment and management processes. Each year such
instructions add to the cumulative administrative

and cost burdens. We conclude, theretbrc --

That the Legislative and Executive Branches
should review the combined effect of current

laws, executive orders and circulars on the

efficiency of high-technology research and

development operations. After review, pilot test

acquisitions should be conducted with as many

of the non-critical, procurement-related objec-

tives removed as possible. The intent should be

development of a more efficient process permit-

ting both swift technical progress and sound

business management. The results of the study
and the pilot tests should be reported to the

President and the Congress. Appropriate actions

by the Legislative and Executive Branches should

be recommended. (Item I.)

C'mm_crcia{ Programs. At the time of'its fi)rma+

tion in 1958, NASA was assigned responsibilities
extending well beyond the conduct of individual

space missions. These responsibilities included

enhancing the technical competitiveness of thc U.S.

in space-related industries, and the transfJ:r of space

derived technologies into all appropriate elements of
American industry.

The direct application of space technology to

the public good and to the economic benefit of the

nati<,n's industries began almost at the outset of the

Space Age when Tiros I, the first weather satellite,

and Ech+J I, the first communication satellite, were
launched in 1960. The conanmlaication satellite

industry rapidly became an important commercial

co,nmoditv in the international marketplace.

l',ccognizing the growing importance of
satellites and other possible commercial space

products and services to the nation's competitive

position, the Administration and the Congress

expanded the scope of the Space Act in 1984 to

require that NASA, together with its previously

assigned duties regarding the development and

transt;zr of space technologies, now additionally

"sock and encourage to the maximum extent

possible the thllcst commercial use of space." The

agency is thus charged with actively fi)stcring a

commercial space industry in much the same way as

its predecessor NACA promoted (and NASA still

promotes) the nation's broadly successfi+l aviation

induslrV. The Comnfittcc feels strongly the impor

tancc of the government's aggressively pursuing and

meeting this responsibility to encourage space
conmlcrcialization because:

• t)_macstic commercial space companies have

grown to annual revenues exceeding $3.5 billion



in justthreedecades;thustheirproductsand
servicesrepresentanincreasinglyimportant
ccon()micsectorin theworldmarkctplacc;
TheU.S.cannotremaincompetitiveinspace
technologiescommontotheworldmarketunless
privatesectorcompanieshaveandcansellhigh-
technologyproducts;correspondingly,only
privatecapitalcanbringspacetechnologiesto
bearonthenationalobjectiveofimprovingthe
U.S.competitivepositionintheworldtrade;and
Unlikethematurecommunicationssatcllite
industry,manyareasofplausiblespacccommer-
cialization still are in their infhncy, and thus will

require additional support from the government

befbre rcturns to the private sector can bc
reasonably expected.

The Committee observcs that considcrablc

cftbrt has been undertaken within thc National

Space Council and across a multitude of government

otlices, committees and advisory groups to dcvelop a
comprehensive and implementable commercial space

policy. Parts of such a policy already arc in place as

guidelines to supplement the broad commercial

space charge given NASA in the revised Space Act.

Howcvcr, the f_:deral government is still by f_r the

major consumer of space products and scrviccs, and

will continue to be a highly significant, if not
dominant, corlstnner f_)r many ycars to come.

Given the above, the Committee would empha-

size the importance of the U.S. Government

following as closely as practicable the model
established by the NACA/NASA successes in the

aeronautics industry in order to encourage the

fullest commercial use of space. Examples
wherein further government actions can be

helpful include ensuring that procurements are

based on "best value" rather than lowest cost; on

the related experience and past performance of

the contractor; on functional requirements, not

on detailed design specifications; on accepting,

whenever appropriate, commercial production

and quality assurance standards and techniques;

and on using commercially offered space prod-

ucts and services whenever possible. Of particu-

lar importance is that in its commercial contract-
ing, the government recognize the need for

credible long-term contracts. (Item J.)

Finally, the (;ommittcc notes that commercial

space policies have undergone substantial change

every two years since 1982, and even newer policies

arc currently being promulgated. Significant

additional private investments arc not likcly to bc

madc in commercial space ventures until these

policies become stable, and are perceived by those

making investment decisions as likely to remain
stable.

International Programs. Various elements of the

U.S. civil space program have for a number of years
involved the participation of international partners.

In the case of the science program, collaborative
dtBrts have included instrument design and con-

struction, the interpretation of data, and the provi-

sion of entire instruments by groups of interested
individuals.

On a larger scale, international collaboration

now inw)lves teaming arrangcments including

international parmcrships where portions of robotic

spacecraft or cven entire spacecraft, are involved. In

the case of the manned space program, scientists

from several nations participated in the design of

some of the instruments placed on the Moon in the

Apollo program. The Apo[lo/Soyuz linkage in space

in 1975 was a high point fiw the U.S. in cooperative
endeavors with anothcr cotmtry, in this case, the

Soviet Union. International participation in manned

space flight activities has continued in the Space

Shuttle era, involving the provision of hardware and

flights of fi)reign astronauts.

In a 1988 report to the President-elect, thc

National Academies of Sciences and Engineering

noted that "partnerships with other nations and

organizations can serve to demonstrate leadership, to
l:orgc productive relationships and to broaden the

range of available opportunities, but only if interna-

tional commitments are made carefully and honored

fully." This report filrther advised that when

collaborative arrangements are contemplated, the),

be "supported at the highest possible levels ira the
participating govemlnents, with as much breadth as
is feasible."

We, too, would advise that, prior to cntermg

into intcrnational arrangements, especially tbr the

necessarily large human exploration program, the
government first determine its own goals and

cxpcctations. Once undertaken, a commitment

should become exactly that. Thus, it is probably not

prudent, in a longcr-term program such as human
cxpk)ration of space, to establish international

agreements fi)r the development of in-line critical

program elements. It would also probably not be

prudent ff)r the U.S. to establish international

agreements fbr program elements that would result

in the permanent loss of critical national technical

capabilities. Nonetheless, we believe that interna-

tional cooperation should and will becomc an

increasingly important aspect of fimrre spacc activi

ties, particularly ira support of such missions as

environmental monitoring and wcather prediction.
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Personnel Resources

NASA today employs approximately 24,000

civil sen,ants, and has grown only modestly over the

past five ),cars. NASA's government employccs arc

supported by some 41,000 support scn, iccs con_
tractors, and their numbcrs have grown substantially

in thc past thrcc years.
For the nation to undertake thc challenging and

aggressive space program set forth by the President,
it will require NASA and its supporting organiza

tional elcmcnts to recruit and retain an adequate

share of the nation's vcr3' best technical and mana-

gerial talent. In the past, the Apollo and early Space

Shuttle pursuits offered the excitement needed to
attract many such individuals. As wc look to the

t'uturc, howcvcr, the Committee is dccply con

corned over NASA's ability to continue to attract

such pcoplc. There are several reasons for this
situation.

First, the restrictions of the civil service corn

pcnsation system arc not likely to permit NASA to

bc competitive with the private sector in recruiting

and rctaining the highcst quality pcrsonncl in the
decade ahead. As a specific cxamplc, since the

beginning of the program in August 1984, thcrc
have bccn five difl'crcnt Associate Administrators for

Space Station and fivc diff':rent Space Station

Program Directors. Current civil sen, ice regulations

on base pay, pay raise schedules, relocation costs,

bonus opportunities and "dual compensation" all

constrain NASA's ability, to compete for talent.
In the case of new college graduates, private

industi T is able to pay somc $5,000 to S10,000

morc per year than is NASA, especially in high cost_

of-living areas--- and that gap has bccn widening.

The problem is particularly acute in the science and

engineering disciplines whcrc the number of college

graduates is cxpcctcd to decline by some 25 pcrccnt
over the next dccadc.

A 1989 study of the Bureau of Labor Statistics

indicated that t_:dcral employee salaries were, on

avcragc, 28.6 percent below those of the private
sector. In an unpuhlished NASA study of compcn

sation, it was shown that the l)ircctor ot'a major

NASA center was paid about one-half as much as a

person with equivalent responsibilities in industry.

At highcr levels the disparity is even greater.
Second, recent post employment restrictions on

individuals -- and particularly the future uncertainty

of those restrictions and their interpretation -- have
bccn a deterrent to the recruitment of talented

technical and managerial personnel into NASA.

Key managers with extensive industrial experience in

tccl,mical programs arc particularly reluctant to

conlnlil to government sc_'ice ill areas where their

talent could be effectively and immediately utilizcd

-- again bccanse of concern over post-government
cnaploymcnt rcstrictions. Thcse rcstrictlons wcrc, of

course, imposed to preclude possible conflicts of

interest, but have been fbund extremely diflicuh to

draft with precision and balance. Last year, five

individuals from industr T were approached concern-

ing one key exccutivc levcl position at NASA. All
declined, primarily because of inadequate compensa-

tion and post-employment restrictions. A similar
efli:ct has bccn noted in recent cases where extraor

dinarih, talented NASA employees have elected to

terminate their government service.

These two problems will bc partially offset in

the future if the Executive and l,cgislativc Branches

arc perceived to have jointly committcd to an
ambitious and challenging long-term space pro-

gram. But it is our opinion that, ahhough abso-

lutely cssemial, such a program alone is not enough

to attract and keep the talent necdcd. In tb,ct, with

thc declining pool of available technical talcnt and

the expanding gap between federal and private
salaries, it is not at all clear that NASA will be able

to mect the future challenges of an ambitious space

program unless deliberate actions arc takcn now to
redress the situation.

Wc have been somewhat encouraged by the

recent passagc of legislation increasing Executive

and 5_cnior Exccutivc Service pay levels, and by thc

passage ,if the Federal Employees Pay Comparability

Act of 1990, cffccting a degree of long overdue

rclorm of the civil service salary system. Once filly
implemented by the Ofi-_ce of Personnel Manage-

ment (OPM), pay reR)rm will provide base pay

increases and compensation adjustments based on

local tabour costs, as well as other incentives such as
rccruitmcnt and relocation bonuses and retention

allowances. But this positive action may still not bc

sutticicnt to remedy a situation of the severity that

now prevails.

The diflicuhy of rcmoving civil servants who arc

not pcrt_rming up-to-standard work crcatcs cvcn

more acute problems tbr NASA. Its inability' to

casily and quickly remove mm-pcrtbrmcrs furthcr
limits its ability to recruit new talent to mect thturc

challenges. NASA management needs the addi-

ti_mal ttexibility to reward high pcrtbrmcrs and

remove non performers swiftly. Accordingly, we

tm,p_sc -

Recommendation 14: That NASA should be

designated a "pathfinding" agency for the

implementation of an advanced personnel

management system. Under this system the



currentlegislativepackagewould be expanded to

include "pay for performance;" more flexibility

in senior executive hiring, evaluation and re-

moval; additional cost reimbursement for reloca-

tion; and a capability for handling extended

temporary duty costs. NASA management

should propose to OPM the personnel package it
deems appropriate in the above regards.

Another human rcsources concern rclatcs to the

expected future reduction of experienced managerial

talent at NASA. Today, a vcry large number of

personnel are relatively new to the agency (Figure

16). This is illustrated by the "bimodal" age

distribution of NASA employees (Figure 17).

Within the past ten ),cars the distribution of age and
cxpcricnce at NASA has moved from a maximum

share appearing within the age brackets of 35 to 50

)'ears to maximum occurring at 25-29 years and 45-54

years. While it is encouraging that the average age

of NASA employees is decreasing, it is of concern to

the Committee that the pool of talent in the 35-49

),car bracket, from which furore senior managers are

usually drawn, is decreasing significantly.

Figure 16

NASA's Changing Workforce

Over a Third of Today's Workplace

Hired in Past 6 Years

Source: NASA
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Figure 17

Age Profile of Permanent Employees
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Based on historical attrition rates, NASA will

lose over half of its senior level managers in the next
8 to 10 years. Not only must the Executive and

I,egislative Branches address the total compensation

system to recruit and retain talent to fill these and

other key positions, it must also ensure that ad-

equate resources are provided fi_r career dcvclop-

mcnt of indMduals already within NASA, not only

to increase the size of the talcnt pool, but also to

grow the capabilities of persons in the pool so that

they may compete most effcctivcly for increascd
rcsponsibilities.

The Space Act of 1988 providcd NASA with

flcxibilit 3, to hire up to 428 "critical-position'"

pcrsonncl, but NASA has not in rccent ),cars fully

utilized this flexibility. The Office of Personnel

Management also has the authority to allocate an

additional 800 "critical skills" personnel to various

government agencies, and NASA should ensure that
it rcccivcs an appropriate share of these positions. In
addition, OPM has rcccntlv increased NASA's

authori W to hirc special non-manager "Scientific and

Technical" personnel at ,note competitive salaries.
These all arc steps in the right direction -- although

impacting only a small fraction of NASA's work
fi)rce.

A thrther possibility arises from consideration of

the arrangement bctwccn NASA and the Califiarnia

Institutc of'Fcchnology tbr management of the let

Propulsion l,aboratorv. In the Committee's opin

kin, this has provided art ctT(wmously effective recalls
of obtaining needed technical expertise unfi:ttered

by the adverse civil service restrictions. It is a model

that could have wider application as the U.S. space

program cxpands, althougla its broader use requires
very carcfifl planning in the transition process.

Such possibilities lead to --

Recommendation 15- That the Office of Person-

nel Management provide NASA the full flexibib

ity permitted by law regarding dual compensa-
tion waivers, and that OMB allocate to NASA a

significant portion of the 800 now approved

"world-class" positions. NASA also should fully

utilize the authority, granted by the Space Act
and fill all 425 "critical" personnel positions,

thus helping redress locality pay inequities that

will not be alleviated quickly enough by pay

reform. New legislation should authorize NASA

broad authority to establish, set the pay of, and

fill up to 10 percent of its positions with "critical

skills" appointments. In the event that recent

and planned civil service reforms do not

promptly alleviate the shortcomings of the

NASA personnel system then, NASA should

initiate" the process of selectively phasing addi-

tional centers into the let Propulsion Laboratory

model; that is, affiliate them with a university as

Federally Funded Research and Development
Centers.

The abili_ to rccrtfit and retain an adequate

share of'the nation's best technical and managerial
talent wilt dcterminc to a great extent NASA's

ability to carry out the ambitious civil spacc program

herein cnvisioncd over the ncxt thirty years. For
this reason, thc Committee bclicvcs it is cxtrcmch'

important that NASA managcmcnt place very high

priority on pcrsomael resources, including innovative
solutions to thc impcdimcnts of pcrsonncl recruit-

mcnt, relcntion, training, replaccmcnt, and reward

ing. 'lo II_is end, it will bc vcU important fi>r NASA

managcmcnt to work closely with the OPM, thc

()MtL and the rcsponsiblc Congrcssional Conmait-

tccs to develop flcxiblc personnel regulations and to
request appropriate rctorm measures. Thc (kmamit-

tee proposes, therefore --

That an Associate Administrator for Human

Resources be established at NASA headquarters

who shall be responsible for the recruitment to

NASA of pcrsons with critical skills, for ensuring

that NASA maintain competitive compensation
and personnel development policies to retain

such pcople, and for working with OPM, OMB

and the Congress on additional reforms to

remove impediments to the recruitment and

retention of talented and motivated people.
(Item K.)

Thc (iommittee notes that current statistics on

technical and scientific cducation within this country'

reveal that U.S. high school students arc taking
t'cx_cr scicncc and mathematics courses than their

pccrs in ;my advanced nation in thc world. Furthcr,

the number of U.S. collcgc graduates pursuing
carccrs in scicncc and cnginccring has decreased by

nearly 51} pcrccnt over the past 30 years. Because

NASA must draw hcavilv upon thc cnginccring
talcms available in the U.S., wc applaud NASA's

active rolc in helping reverse thcsc t,cuds and

cncouragc its continucd cfti)rt in this regard.



Principal
Recommendations

This report offers specific recommendations

pertaining to civil space goals and program content
as well as suggestions relating to internal NASA

management. These are summarized below in four

primary groupings. In order to fially implement

these recommendations and suggestions, the

support of both the Executive Branch and Legisla-
tive Branch will bc needed, and of NASA itself.

Principal Recommendations

Co_._cerning Space Goals

It is recommended that thc United States'

future civil space program consist of a balanced set

of five principal elements:

• a science program, which enjoys highest priority,

within the civil space program, and is maintained
at or above the current fraction of the NASA

budget (Recommendations 1 and 2);

• a Mission to Planet Earth (MTPE) focusing on
environmental measurements (Recommen-

dation 3);

• a Mission from Planet Earth (MFPE), with the

long-term goal of human exploration of Mars,

preceded by a modified Space Station which

emphasizes lift: sciences, an exploration base on

the Moon, and robotic precursors to Mars

(Recommendations 4, 5, 6, and 7);

• a significantly expanded technok)gy development
activity, closely coupled to space mission objec-

tives, with particular attention devoted to engines

(Recommendation 8);

• a robust space transportation system (Recommen-
dation 9).

Principal Recommendations

Concerning Programs

With regard to program contcnt, it is recommended
that:

• the strategic plan tbr science currently under

consideration bc implemented (Recommendation

2);

• a revitalized tcclmology plan bc prcpared with

strong input from the mission ot]iccs, and that it

bc fundcd (llccommcndation 8);

* Space Shuttle missions be phased over to a new

unmanned (hea D, lif_) launch vehicle except lbr
missions where human involvement is essential or

other critical national needs dictate (Rccommen-

dation 9);

. Space Station Freedom be revamped to emphasize

life sciences and human space operations, and

include microgravity research as appropriate. It
should be reconfigured to reduce cost and

complexity; and the current 90-day time limit on

redesign should be extended if a thorough

reassessment is not possible in that period (Rec-
ommendation 6);

* a personnel module be provided, as planned, tbr

cmergency return from Space Station Freedom,

and that initial provisions be made fbr two-way
missions in the event of unavailability of the Space

Shuttle (Recommendation 11 ).

Principal Recommendations

Concerning Affordabilit),

It is recommended that the NASA program bc

structured in scope so as not to exceed a funding

profile containing approximately 10 percent real
growth per year throughout the remainder of the

decade and then remaining at that level, including

but not limited to the fi)llowing actions:

• redesign and reschcdule the Space Station Free-

dom to reduce cost and complexity, (Recommcn
dation 6);

• defer or eliminate the planned purchase of

another orbiter (Recommendation 10);
• place the Mission from Planet Earth on a "go-as-

you-pay" basis, i.e., tailoring the schedule to

match the availability of funds (Recommen-
dation 5).

Principal Recommcndatio_s

Concerning Management

With regard to management of the civil space

program, it is recommended that:

• an Executive Committee of the Space Council be
established which includes the Administrator of

NASA (Recommendation 12);

• major reforms bc madc in the civil service regula-

tions as they apply to spccialw skills; or, if that is

not possible, exemptions bc granted to NASA fi_r

at least 10 percent of its employees to operate

under a tailored personnel system; or, as a final
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alternative, that NASA begin selectively convert-

ing at least some of its centers into university-
affiliated Federally Funded Research and Devel-

opment Centers (Rccotnmendations 14 and 15);

NASA management review thc mission of each
center to consolidate and rctbcus centers of

excellence in currently relevant fields with

minimum overlap among centers (Rccommcnda

tion 13).

It is considered by the Committee that the

internal organization of any institution should bc

the provincc oL and at thc discretion of, those

bearing ultimate responsibility [br the pcrlbrmancc
of that institution, t tencc, the following possible

internal structural changes arc ofl_zrcd for thc
consideration of the NASA Administrator:

• That the currcnt headquarters structure be

revamped, disestablishing the positions of certain

existing Associate Administrators in order that:
an Associate Administrator for Human Re-

sources bc established, whose responsibilities

include making NASA a "pathfinding" agcnc.v

in acquisition and retention of the highest

quality' personnel t'or the Federal Government
( Item K);

an Associate Administrator/'or Exploration bc

established, whose responsibilities include

robotic and manned exploration of the Moon

and Mars (ltcm C);

an Associate Administrator fbr Space Flight

Operations bc established, whose rcsponsibili

tics include Spacc Shuttle operations, existing

expendable launch vehicle operations, and

tracking and data fimctions (Item E);
an Associate Administrator fi)r Space Flight

Development be established, whosc rcsponsi
bilitics include Space Station Frccdom and

other dcvelopmc*at projects sucla as the
Advanced Solid Rocket Motor and the new

Heart Liti Im, nch Vehicle (Item D);

• an exceptionally well qualified independent cost

analysis group hc attached to headquarters with

uhimatc responsibility fi)r all top lcvct cost

estimating including cost estimates provided
outside of NASA (Item B);

• a systems concept and analysis group reporting to
the Administrator of NASA bc established as a

Federally Funded Research and Development
Center (Item A);

• multi-center projects bc awfidcd wherever

possible, bnt when this is not practical, a strong

and independent projcct otticc rcporting to

headquarters be established near the center

having the principal share of the work fi)r that

project; and that this project office have a systems
engineering staff and lull budget authorit T

(ideally industrial funding,-- i.e., funding

allocalions related specifically to end goals)
{Item G).

In stlnllllary_ vce recommcnd:

1) Establishing the science program as thc highest

priority clcmcnt of the civil space program, to bc
maintained at or above the currcnt fraction of the

budget.

2) Obtaining exclusions tbr a portion of NASA's

employees from existing civil service rules or,
thiling that, beginning a gradual conversion of

selected centers to Federally Funded Research

and l)cvclopmcnt Centers affiliated with universi-

ties, using as a model the Jet Propulsion Labora
tt)IX..

3) Redesigning the Space Station Freedom to lessen

complcxi W and reduce cost, taking whatever time
may bc required to do this thoroughly and

inm)vativcly.

4) Pursuing a Mission from Planet Earth as a

complement to the Mission to Planet Earth, with

the fi)rmcr having Mars as its vc D, king-term goal
--- but relieved of schedule pressures and pro-

grossing according to the availability of funding.

5) Reducing our dependence on the Space Shuttle
by phasing over to a new unmanned heavy lili

launch vehicle for all but missions requiring

human presence.

The Committee would bc pleased to mcct again

in perhaps six months should the NASA Administra
tor so desire, in order to assist in the implementa-

tion process. In the meantime, NASA may wish to
sock the assistance of its regular outside advisory

group_ the NASA Advisory Council, to provide

independent and ongoing advicc for implementing

these findings.
Each of the recommendations herein is sup

p()rtcd unanimously by the members of thc Advis()rv
C()mmittcc o*_ the Future of the U.S. Space Pro-

gram (scc Appendix III ).
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Appendix I

Biographies of Members

Chairman:

Norman 1L Augustine Mr. Augustine is Chair-

man and CEO of the Martin Marietta Corporation.

He has previously served as the Under Secretary of

the Army, Assistant Secretary of the Army fbr

Research and Development and as an Assistant
Director of Defense Research and Engineering in

the Office of the Secretary. of Defense. He is an

Honorary Fellow and tbrmer President of the
American Institute of Aeronautics and Astronautics

and is a Fellow of the Institute fbr Electrical and

Electronic Engineers. He has served as Chairman of
the Defense Science Board and of the Aeronautics

Panel of the Air Force Scientific Advisory, Board. He

is the author of several books including one on the

management of large technical projects and is a
member of the National Academy of Engineering.

He currently serves as Vice President of the Boy

Scouts of America. Mr. Augustine holds Bachelors

and Masters degrees in aeronautical engineering

from Princeton University and has three honorary

doctorate degrees.

Vice-Chairman:

Laurel L. Wilkening Dr. Wilkening is the Provost
and Vice President fbr Academic Affairs of the

University of Washington, where she is also Profi.'s-

sor of Geological Sciences and Adjunct Professor" of

Astronomy. Prior to going to the University of

Washington, she was Vice President tor Research
and Dean of the Graduate College and Professor of

Planctary Sciences at the Univcrsity of Arizona. She

also served as Director of the Lunar and Planetary

Laboratory there fi'om 1981-1983. As a planetary
scientist, her areas of research arc meteorites,

asteroids, and comets. The book Comets, which she

edited in 1982, is a widely uscd rcfizrence on the

topic. In 1985, President Rcagan appointed her
Vice Chairman of the National Commission on

Space. Dr. Wilkening earned a Ph.D. in chcmisu 3,

from the University of Califbrnia, Sara Diego in
1970, and a B.A. in chemistry from Reed College,

Portland, Oregon in 1966.

Edward C. "Pete" Aldridge, Jr. Mr. Mdridge is
currently President, McDonnell 1)ouglas Electronic

Systems Company, in McLean, Virginia. Prior to

this position, Mr. Mdridge was Secretary of the Air

Force from 1986-1988. He joined the Reagan
Administration in 1981 as the Under Secretary of

the Air Force, in which one of his key responsibili-
ties was coordinating the Mr Force and national

security space activities. Mr. Mdridge was in

astronant training before the Challenger accident.

He has held numerous management positions in

government (Office of the Secretary of Defense,
Office c_fManagement and Budget) and the aero-

space industry (System Planning Corporation, LTV

Corp and Douglas Aircraft Co.). Mr. Mdridge was

an advisor on the Strategic Arms Limitation Talks

(SALT I) in 1970-72. He holds a B.S. in Aeronau-

tical Engineering from Texas A&M University and

an M.S. in aeronautical engineering from the
Georgia Institute of Technology.

Joseph P. Mien Dr. Mien is currently President,

Space Industries, Inc., in Houston, Texas. From

1967 until his employment with the company, Dr.
Allen served as an astronaut with NASA. His

management duties involved astronaut candidate

selection and training and he additionally served as a

ground support crewman and CAPCOM tor Apollo
15, Apollo 17 and STS-1. He flew as a prime crew

member on STS 5, the first Shuttle flight to deploy

cargo in space, and on STS 5 l-A, the first space

flight _o salvage equipment from space. Dr. Allen
also served at NASA Headquarters as Assistant

Administrator for Legislative Afl)irs from 1975-

1978. He is the author of Entering Space, a per-

sonal account of the space flight experience, and has
published widely in the fields of science cducation

and nuclear physics research. Dr. Mien received an

undergraduate degree in mathematics and physics

from I)cPauw University and holds Masters and

l)octorale degrees in physics from Yalc University.

D. James Baker l)r. Bakcr is President of Joint

Oceanographic Institutioqs, Inc. in Washington,

I).C., and I')istinguished Visiting Scientist at the Jet
lh'opulsion Laboratory. He is author of Planet

Earth - "lbe View from Space (Harvard University,
1990). ttc is a member of the National Research

Council Committee on Global Change and the
Ocean Studies Board, and is an officer of the

internatio_al Joint Scientific Committee for the

World Climate Research Programme. He has served
as Chairman of the NRC Panel to Review the Earth

()bscrt'i_rg System and ('hairman of the NASA



CenterScienceAssessmentTeam.Hehasservedas
amemberof theNRCSpaceStudiesBoard,thc
NASASpaceandEarthScienceAdvisoryCommit-
tee,andtheDepartmentof CommerceCommittee
onCommercializationof Landsat.He isPresident
of theOceanographySocietyandaFellowof the
AmericanAssociationfbrtheAdvancementof
Science.Dr.Bakerhaspublishedmorethan80
papersonoceanographyandspaceandhcidposi-
tionsattheUniversityofWashingtonandHarvard
University.HehasaB.S.inphysicsfromStanford
UniversityandaPh.D.inphysicsfi'omCorncll
University.

EdwardP.Boland Congressman Boland was

elected to the U. S. House of Representatives in

1953 and served continuously through the end of

the 100th Congress in 1988. In 1955, he joined

the Committee on Appropriations and was a mem-

ber of the Independent Offices (now the VA, HUD,

and Independent Agencies) Subcon_mittee. In
1971, he became Chairman of this subcommittee

and dealt with several scientific agencies including
the National Aeronautics and Space Administration

(l%rmerly the National Advisory Committee on

Aeronautics), the National Science Foundation, and

the Office of Science and Technology Policy. He
also served as Chairman of the first House Perma-

nent Select Comnfittce on Intclligence overseeing

the budgets of the Central Intelligence Agency, and

other intelligence related agencies. In 1983,

Congressman Boland received the Olin E. Tcague
Space Award in recognition of his outstanding

guidance and dynamic leadership in space science.
In 1986, he received the National Science Founda-

tion Distinguished Public Service Award presented

in recognition of his contribution to the progress of

science, engineering, and mathematics. He attended
Boston College l,aw School.

Daniel J. Fink Mr. Fink is President of D. J. Fink

Associates, Inc., which provides management

consulting to technology based industries. His over

40 years in aerospace engineering and management
include service in the DO1) as Deputy Director,

Strategic & Space Systems. Following his govern-

ment servicc hc joined the Gcncral Electric Com-

pany in 1968. He was Vicc President of that
company where he first led GE's Space Division,

then its Aerospace Group, and later was Senior Vice

President Corporate Development and Planning.
Mr. Fink serves on the Defiznse Science Board and is

a ti)rmer Chairman of the NASA Advisory Council.
He is a Member of the National Academy of

Engineering and was Chairman of the NR(" Space

Applications board and its Board on Telecommuni

cations and Computer Applications. His honors and

awards include the DOD Distinguished Service
Award, the NASA Distinguished Public Service

Medal'and the Collier Trophy (for his work on

Landsat). Hc is an Honorary Fellow of the Ameri-
can Institute of Aeronautics & Astronautics and a

former President. He received his B.S. and M.S. in

aeronautical engineering from Massachusetts

Institute of Technology

Don Fuqua Mr. Fuqua is President and General
Manager of the Aerospace Industries Association and

serves as leading spokesperson for the U.S. aerospace

industry. Before joining AIA, Mr. Fuqua served 12

terms as a U.S. Congressman, representing Florida's
Second Congressional District. He was elected

Chairman of the House Science and Technology

Committee in 1979 after serving on the Committee

since joining Congress in 1963. He is a member of

the National Aeronautics and Space Administration's

Advisory Council and is a founding member of the

Challenger Center tbr Space Science Education.

Mr. Fuqua has received numerous awards including

the Rotary National Award fbr Space Achievement in
1988, and the National Aeronautics and Space

Administration Distinguished Public Service Medal

and the National Science Foundation Distinguished
Public Service Award, both in 1986. Mr. Fuqua

graduated from the University of Florida with a

degree in agriculture economics. He also has

honorary doctorate degrees from the University of

Notre Dame, Florida Institute of Technology,
Florida State University, and Florida A&M Univer-

sity.

Robert T. Herres General Herrcs retired in

March 1990 after 36 years of military service to

become President of Property and Casualty Insur-
ance Division at USAA, an insurance and financial

services provider. The last three years of his military

career wcrc spent as Vice Chairman of the Joint

Chic/_ of StatE Space related assignments included

service as Commander-in-Chief of U.S. Space

Command, North Americaq Aerospace Defense
Command, and Commander of the Air Force Space

Command. He was also Dircctor of Command,

Control and Coinmunications Systems on the Joint

Staff, Commanded the Eighth Air Force and the Air

Force Communications Command. Earlier, General

Herrcs was the Air Force Flight Test Center's Chief

of Plans and Requirements and Chief of the Flight

Crew Division for the Manned Orbiting Laboratory

Program subsequent to completing the Air Force's
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Test Pilot School. Hc is a Naval Academy graduate

and holds Masters' Degrees in electrical engineering

and public administration.

David T. Kearns Mr. Kearns is Chairman of

Xerox Corporation, Stamtbrd, Connecticut. Mr.

Kearns joined Xerox in luly 1971 as a corporate vice

president. In 1972, he becamc President of the
Company's copier/duplicator group. He was
named Executive Vice President, International

Operations in 1976. Hc was named President and

Chief Operating Ot_cer in 1977 and Chief Execu-
tive Officer in 1982. Mr. Kcarns servcd as Chicf

Executive Officer until hc relinquished that position

in August 1990. Prior to joining Xerox, Kearns was
a Vice President of the data processing division of

International Business Machines Corporation. Mr.
Kearns is a member of the President's Education

Policy Advisor 3' Committee, the Business Council,
the Council on Foreign Relation, the Trilateral

Commission and the American Philosophical

Society. He is a member of the Board of Directors

of Chase Manhattan Corporation, Time Warner,

Inc., Ryder System, Inc., and the Dayton Hudson

Corporation. He also serves as a member of the
Board of Trustees of the Ford Foundation, the

National Urban League and the University of

Rochester. He served in the United States Navy,

and he graduated from the University of Rochester

in 1952 with a degree in business administration.

Louis J. Lanzerotti l)r. Lanzerotti, Distinguished
Member of the Tcchnical Staff, AT&T Bell Iabora-

torics, and Adjunct ProK'ssor of Electrical Engineer-

ing at the Univcrsity of Florida, has also served as

Regents' I,ecturer at UCLA. His principal research

interests include space plasmas, geophysics, and

engineering problems related to the impact of space

processcs on space and terrestrial technologies, tic

is a co-investigator and principal investigator on

NASA missions, and conducts extensive ground-

based and laborator3, research on space related

topics. He was Chairman of NASA's Space and
Earth Science Advisoq, Committee and is presently

Chairman of the Space Studies Board of the Na
tional Research Council. Elected to the National

Academy of Engineering and the International

Academy of Astronautics, hc is also a Fellow of the

American Geophysical Unkm, the American Physical

Society, and the American Association fbr the
Advancemcnt of Science. Dr. Lanzerotti has

received NASA's Distinguished Public Service

Medal. Hc has an engineering degrce from the

University of Illinois and MA. and Ph.D. degrees in

physics from Har_'ard.

Thomas O. Paine Dr. Paine is Chairman of

Thomas Paine Associates, a mcmber of the National

Academy of Engineering, and a Director of the

Planetal T Society, the National Space Institute, the

International Academy of Astronautics, Orbital
Sciences Corporation, thc Pacific Forum, Quotron

Systems (Division of Citicorp), and Nikc, Inc. He

joined the General Electric Research LaboratoD, in

1949, and in 25 years with GE served as Manager of

GE's TEMPO (long-range tcchnocconomic stud-

ics), Vice President and Group Executive of the
Power Gcncration Group (worldwide ship propul-

sion, nuclear power and steam and gas turbine-
generators), and Senior Vice President for Science

and Tcctmology (oversight of GE's research and

development). During the first seven Apollo

missions from 1968 through 1970, hc was Adminis
trator of NASA. From 1976 to 1982, hc was

Prcsidem_ Chief()pcrating Officer and Director of

Northrop Corporation. Dr. Paine also has served as

a Trustee of Occidental Collcgc and Brown Univcr-

sity, and a Director of Eastern Air Lines, Arthur D.

Little, KCA, and NBC. In 1985, President Reagan

appointed him Chairman of the National Commis

sion on Space, a panel created by the Congress to
chart civilian space goals tbr 21 st Centu_ America.

Hc received a Ph.D. in physical mctallur_' from

Stanford University in 1949.

2 :3 _ pport:

James D. Bain, Committee Executive Secretary
lames R. Bcale, National Space Council Staff

Liaison

Darrell R. Branscome, Technical

Laura 1. Cooper, Administrative
Edward A. Frankle, Committee Counsel and Ex-

()ttici_, (_ommittee Member

Frances 1.. Gragg, Tcchnical and Administrative
l.zuren B. Ieavcton, Technical and Administrative

1)olorcs I. McClung, Administrative
John E. ()'Brien, Ex-Ol_cio Comlnittee Member

George Rcesc, Committee Cotmscl

M. Ruth Rosario, Administrative

Albert R C. Wcstwood, Committcc Consuhant
Yvonne Williams, Administrativc
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Purpose
The purpose of the Advisory (;ommittee on the

Future of the U.S. Space Program is to advise the
NASA Administrator on overall approaches NASA

management can use to implement the U. S. Space

Program for the coming decades.

Task Statement

The Committee shall have a broad charter to:

• Review the future of the civil space program,

including both management issues and program
content.

• Assess alternative approaches and make recom-

mendations t},_rimplementing future civil space
goals, including such factors as:

Appropriateness of planned activities

Organizational balance and structure
Adequacy of overall skill base of work force

Balance between roles of government and

private scctor

Possible contributions by other government

agencies

The need to maintain a strong R&D capabil-
ity
Assurance of mission success

Schedule

The Committee shall report its findings within 120
days from the date of its inception.

Membership

The Committee shall be comprised of approximately

12 individuals selected for their knowledge of space

activities and management expertise. Membership
shall provide as broad a set of experience back-

grounds as practicable. Ex-ofBcio members may be

added to the Committec upon approval of the
Administrator of NASA with the concurrence of the

Committee's Chairman

Reporting Procedure
The Committee will operate as an independent

entity, reporting to the Administrator of NASA, and

will submit its findings to the Administrator of
NASA and, with the Administrator, to the Vice

President of the United States, in his capacity, as

Chairman of the National Space Council.

Support

Administrative support will be provided to the

Committee by NASA.

Legal Determination

Based on the objectivcs and purposes of the Task
Force, the NASA General Counsel has determined
that the activities ofthc Task Forcc fall within the

scopc of the Fedcral Advisory Committee Act (5

US(" APP 1 et scq.). It is neither intended nor

anticipated that any of the Board's activitics will

concern "particular matters" within the meaning of
Section 208 of Title 18, U.S. Code.
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Sonic members of the Committce, through

their private employment, have interests in the
aerospace community and, consequently, thc
activities of NASA. This factor was taken into

serious consideration when they were appointed to

the Committee and, pursuant to applicable laws, it
was detcnnincd that the nced for the individuals'

services outwcighcd the potcntial for a conflict of
interest. It was the thrther determination of the

appointing authority, that the private interests of the

individuals appointed to the Committee werc not so
paramount as to impcdc their objectivity or integrity
as members of the Committcc. These determina--

tions wcrc made by thc appointing authority only

aftcr coordinati,ag with the Office of Government
Ethics to ClOsure fill_ comf>liallcc with cxistit_g laws

and regulations rcgarding the avoidance of conflicts

ofintcrcst. A govcrnmcnt attorncy sat in on all

sessions of thc Committee at the request of the
Committee Chairman.

In addition, the members of the Committee,

recognizing there was an important concern as to
avoiding even the mere appearancc of a conflict of

intcrcst, endeavored throughout their Committee

activities to minimizc, wherever possible, any such

possible appcarance.

l,a this regard, because of his role as Chairman

of the ('ommittce and his position as a senior

executive with an aerospace company, thc Chairman
of the Committee elected to disqualify himsclf from

any dccisions as to whether and how the Committcc

would addrcss the issue of a new launch system.
Thc dclibcrations and decisions as to this matter

wcre handled by the Vice Chairman.
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